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DISCLAIMER

“This report contains . discussions of several proprietary products and processes used

~ for the control and prevention'of corrosion induced by hydrogen sulfide. Mention .
" of trade names or commercial products does not constitute endorsement by EPA or

recommendation for use. :

For this report, mformat:lon was not collected for all products and processes, and
omission of products or trade names from this report does not reflect a position of
,EPA regardmg product effectlveness or apphcabxhty
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10 BACKGROUND AND OVERVIEW
l 11'.1' "’ LegislatiyerCharge'

In the mld 1980’s, the County Samtanon Dlstncts of Los Angeles County
(CSDLAC) observed that the rate of corrosion of concrete sewer pipe in ‘their system
had increased dramatxcal]y since the early 1970’s. Subsequent stadies showed a high
" correlation between the reduction in the levels of metals and other wastewater
constituents and the increase in levels of hydrogen sulfide responsible for the corrosion.
* Metals and other constituents of industrial origin had been reduced through v
implementation .of industrial pretreatment standards in 1975-1977 (ocean discharge
requirements) and in 1983 (EPA categorical pretreatment standards). This raised the
‘ questlon of whether mplementatxon of industrial pretreatment standards had resulted in
. an increase m corrosron rate, whxch would have’ sxgmficant economlc mphcanons o

Sectxon 522 of the Water Quahty Act of 1987 reqmres the U.s. Envrronmental
Protection Agency (EPA) to conduct a study and prepare a Teport on corrosion in ‘
‘wastewater collection and treatment systems and to‘coordinate its activities with. the City
‘_ and County of Los Angeles Sectlon 522 of the Act specxﬁed that ‘

The Administrator shall conduct a study of the corrosive effects of sulfidés- [sic]
in collection and treatment systems, the extent to which the uniform' imposition &
of categorical. pretreatment standards will exacerbate such effects, and the range :

of avallable optxons to deal with such effects (1) R

The study concentrated on the three areas mandated by the Act. Many factors
influence corrosion besides. the 1mplementauon of pretreatment requirements, such as

- solids deposition, turbulence,’ temperature, and so on. The lack of an accurate

. .‘corrosion-measuring technique and the limited data base on hydrogen sulfide corrosion
‘would have limited the ability of EPA to ascertain the effects of these factors. In
~_addition, the study did not explore the 1mpacts of transporting sewage further to

- regional treatment plants, constructing separate sewers for sanitary wastewater and

storin water, or implementing water conservation programs. This report does not

discuss the problems caused by the tox]c1ty of hydrogen sulfide gas or.the odor nuisance

assoclated with 1ts presence, as these issues were not mandated by the Act. ' :

1.2 Les Angeles County System Hxstory

The County Sanitation sttncts of Los Angeles (CSDLAC) prov1de wastewater'
collection, treatment, and dlsposal services for approximately four million residents of -
Los Angeles County. The service area covered by CSDLAC, 640 square miles in size,
includes most of metropolitan Los Angeles County with the exception of the City of Los
Angeles. Wastewaters from residential, commercial, and industrial sources, totalling
" 'over 500 million gallons per day (gpd) are conveyed through 9,000 mlles of collectxon

. *_,,1-’1‘




sewers to six wastewater treatment facilities. Apprommately 1,000 mil'eé’of these sewers
are owned and maintained by CSDLAC, while the remaining 8 000 miles are owned and
maintained by local cities or Los Angeles County ). '

Most of the CSDLAC collection sewers, especxally the large-dlameter lmes in the
Jlower reaches of the tributary system, are constructed of reinforced concrete pipe with
no protectxve coatings or liners. These large sewers generally range in sizeé from 54
inches in diameter up to 144 inches in diameter. The oldest of these sewers have been
in service for approximately 65 years.

At the time these sewers were designed, concerns existed about the possibility of
corrosion. To guard against this possibility, the earliest of the large sewers had vitrified
clay liner plates installed on the interior sides and crowns. ‘However, sulfuric acid easxly
penetrated the joints between the tiles and destroyed the grouting and cementitious
- materials underneath. By the late 1930’s after approxxmately 10 years of service, enough
of the tiles had fallen off into the bottom of the pipes to create flow obstructions and
necessitate cleaning of the debris from these pipes. ' '

Because of the problems expenenced with the tile lmers, CSDLAC looked for
another method to prevent corrosion damage. The Districts chose to design sewers to
induce sufficient wastewater velocities so that natural reaeration would minimize the
growth of the anaerobic slime layers on the submerged pipe walls where the sulfide-
generating bacteria grow. Such natural reaeration forces would also help oxidize any
suifide that did form in the wastewater, preventing its release to the sewer headspace as
hydrogen sulfide gas.

In the early 1950’s, concrete pipe manufacturers began to market internally lined
pipes to protect against hydrogen sulfide corrosion. However, at that time, little
information was available to document how well these plastic liners would remain
securely bonded to the concrete and provide effective protection. The lined pipe was
expensive when compared to regular, unlined pipe, and CSDLAC decided to rely on
high design velocities to control corrosion, rather than lined pipe. Consequently, during
the 1950’s and 1960’s, as ‘the size of the collection system increased dramatically,
CSDLAC continued to install unprotected, reinforced concrete plpe for much of the
sewer system. Current County standards require lined concrete pipe in all new
installations to prevent corrosion. :

By the m1d-1960’s, sulfide generanon was increasing within CSDLAC major trunk
sewers, especially at locations where depletion of available dissolved oxygen (DO)
occurred. To protect its substantial capital investment in unprotected concrete pipe
sewers, CSDLAC undertook a three-year research program in 1968. The obJectxves of
the research program were to better understand the processes by which sulfide is
generated by the Desulfovibrio bacteria and to develop methods to control these
bactena This research was par’aally funded by federal agencxes that would later be

1-2



" merged to ‘form' EPA.

The research was conducted by Dr Rlchard D. Pomeroy, who in the 1940’5 had
studied sulfide generation in the CSDLAC system. Through measurements made at a

~ number of monitoring stations throughout the CSDLAC sewerage system, he refined an

empirical formula which predxcts sulfide generation rates and resulting concrete o

"corrosion rates. A final report of the study, entitled "Sulfide Occurrence and Control In

Sewage Collection Systems” was published in 1973 (3). The predictive formula is also

included in more recent design manuals and guldance documents (4)(5)(6)(7)

In the early to mld-1970’s, CSDLAC conducted an mspectlon of the wastewater
~ collection system and concluded that actual corrosion matched closely the corrosion
predicted by Pomeroy’s formula. - Based on the estimated rates of corrosion, CSDLAC
calculated that the remaining structural lives of most of the sewer pipes ranged from at_
least several decades for the oldest of the sewers, up-to hundreds of years for most of
the post-World ‘War II sewers. :

‘ In the ‘early’ 1980’5, a second mspectxon of these same sewers was made, with very N o

different results. In less than 10 years, reinforcing steel had become exposed in many
sewers. Based on. measurements taken during the inspections, CSDLAC calculated that
corrosion rates increased from 0.01 inches per year to 0.25 inches per year in some
instances. A decrease in pipe surface pH levels from 3 to 4 in the 1970’s to 1 to 2 in
1980’s accompanied the increase in rate of corrosion. Total sulfide levels entering the

main _wastewater treatment plant increased ﬁ'om an average of 0.4 mg/l in 1971 to 3.0
mg/l in 1986 : . . :

_ The mspectxons suggested that the rate of corrosmn had mcreased markedly and -
could no Ionger be predicted with the exxstmg empmcal formula. The causes of the
‘apparent increase of the rate of corrosion are not understood. - However, CSDLAC has

- data that show a strong correlation between an increase in wastewater sulfide levels and :

‘a decrease in levels of cyanide and certain priority pollutant metals regulated by EPA

categoncal pretreatment standards. CSDLAC measurements of wastewater constituent

- concentrations over the period 1971 through 1986, along with the results of their = .
v stanstxcal correlanon analyses, are 1nc1uded in Appendlx A o

: CSDLAC beheves that cyamde and these heavy metals in thexr system may have
. played an important role in inhibiting the biological reduction of wastewater sulfate to
sulfide. In addition, the metals form insoluble metal-sulfide precipitates that would -
reduce the amount of hydrogen sulfide released to the sewer headspace

In the past few years, CSDLAC ‘has 1mplemented an mteusrve program to control
hydrogen sulfide corrosion by. attemptmg to reduce the growth of the Desulfovibrio -
- bacteria or to chemically bind the sulfide which is generated using established control
techmques Addmg hydrogen peroxlde to- the sewage to oxldlze the sulﬁde was tned, ~

'»1-3'




but the required dosage of hydrogen peroxide was found to be too high to be cost-
effective. Both ferrous chloride and liquid sodium hydroxide solutions are now being -
routinely added to selected sewer lines at a cost of almost $2 million per year. The
ferrous chloride is added continuously to form an insoluble iron sulfide precipitate that
is carried in suspended form to the main treatment plant. The sodium hydroxide is
added at a weekly frequency to certain other sewers to provide a 30-minute, high pH )
shock to the Desulfovibrio bacteria to inhibit their activity. In addition, pure oxygen has -
. been added to wastewater in one of the large gravity sewers on an experimental basis.

CSDLAC monitoring of hydrogen sulfide concentrations in the headspaces of the
sewers has in general shown only modest reductions (i.e., 50 to 60 percent) as a result
of these treatments, even though significant (i.e., 75 to 95 percent) dissolved sulfide
reductions have been obtained in the wastewater. Measurements taken of the surface
pH on the crowns of corroding sewers which have received these treatments have risen
one half to two pH units compared to untreated conditions. This is expected to slow
the rate of corrosion and extend the life of the pipes. |

CSDLAC has estimated that at least $130 mﬂliqn will be needed to replace or
repair approximately 25 miles of sewers that are severely corroded. An additional 16
miles will likely require repair or replacement within five years.

Approximately 500 miles of sewers show some: evidence of sulfide generation but
exhibit no corrosion damage according to CSDLAC. The goal of CSDLAC is to
understand the causes and control of corrosion to prevent damage to these vulnerable
parts of their system. - | '

1.3  Consequences of Corrosion

Corrosion of wastewater and treatment systems induced by the presence of
hydrogen sulfide can cause rapid and extensive damage to concrete and metal sewer
pipe, equipment used in the transport and treatment of wastewater, and electrical
controls and instrumentation systems. Such problems are rarely brought to the
attention of the public until a catastrophic failure occurs such as with street collapses
resulting from sewer pipe failure. However, sewer systems suffering from hydrogen
sulfide corrosion generally require costly, premature replacement or rehabilitation of
pipes, manholes, lift stations, and pump stations. S

Equipment used in treatment of wastewater is often subject to hydrogen sulfide . .
corrosion, resulting in equipment malfunctions, poor reliability, increased maintenance,
and premature replacement. Electrical components (e.g. brushes, switches, relays)
process instrumentation, air conditioning and ventilation units, and computer systems
are particularly vulnerable to attack by hydrogen sulfide at pumping stations, lift
stations, and treatment plants. This can cause poor reliability of control systems,
increased maintenance requirements, and often premature replacement of costly

4
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electrical components and computer equipment.

Hydrogen sulﬁde corrosion can also’ compromlse structural mtegnty by corrodmg
‘equlpment (bar screens, conveyors, etc.), pipe and equipment supports ‘wastewater and
sludge storage tanks, and guard rails, walkways, and gratmg at the treatment plant. “

14 Mechamsm of Hydrogen Sulfide Corrosxon

Hydrogen sulﬁde corrosion may result from two mechamsmS' 1) ac1d attack
resulting from the biological conversion of hydrogen sulfide gas to sulfuric acid in the -
" presence of moisture and 2) the direct attack of metals such as copper, iron, and steel .
by hydrogen sulfide gas. The first mechanism is responsible for corrosion of sewers and
- concrete structures used in the conveyance and treatment of sewage. The second
mechanism is generally responsible for corrosion of electrical contacts, copper pipe, .and
‘metal components in pumping stations and treatment plants. '

First, for hydrogen sulﬁde to be formed, the wastewater must be’ anaeroblc
(devoid of oxygen). Oxygen is depleted due to the actmty of microorganisms. In :
properly designed gravity sewers the velocity of the sewage is such that natural
reaeration occurs from the atmosphere in the sewer, helping to replenish any losses of
_oxygen due to microbial actxvrty Certain' structures and flow conditions often create .
.turbulence of the wastewater, increasing the rate of reaeration and helping to maintain -
aerobic (oxygenated) conditions. - Sources of turbulence include manholes with flows
dropping in from the side, manholes with flows colliding, metering ﬂumes, drops i m the
hne sections w1th steep slopes, and force main dlscharges. :

Under certain condmons oxygen is depleted faster than it is supphed causmg a
‘change from aerobic to anaerobic conditions. Such conditions can occur in gravity: -
sewers with low sewage velocities or long detention times, force mains which convey

o ‘wastewater through a full pipe under pressure with no opportunity for reaeration, wet

wells of pumping stations havifig. detention times sufficiently long as to cause oxygen
vdeplenon due to uptake by bacteria, and other structures or processes where wastewater
" is detained under near-stagnant conditions with insufficient opportumty for reaeration.

- Under anaerobic conditions, the microbial community shifts to organisms that can
flourish without oxygen. These may be strict anaerobes that cannot utilize oxygen and
‘may be sensitive to its presence,.or facultative anaerobes which can utilize either free
oxygen or other compounds in their metabolic cycle. The process of sulﬁde generatlon
-and sulfunc ac1d corrosion is as follows (4)(5)(6)(7)(8) : : :

1. . Under anaeroblc condxtlons, strict anaeroblc bacteria of the genus Desulfovrbno
colonize the wastewater and attach to the slime layer that coats the submerged .
“surfaces of pipes. The bacteria reduce sulfate (SO,”), one of the most common
anions in water and wastewater, to sulfide (S%). R o




The sulfide ion combines with hydrogen ions to form dissolved hydrogen sulfide
gas (H,S) and hydrosulﬁde ion (HS), depending on pH. At neutral pH of 7, the
distribution of species is approximately 50 percent H,S and 50 percent HS". At
pH 6, the distribution is approximately 90 percent dlssolved H,S gas, and 10
percent HS'.

Hydrogen sulfide gas is released from the wastewater to the sewer atmosphere.
The dissolved gas (H,S) is the only form of sulfide which can be released. The
release of H,S from solution is accelerated under turbulent conditions and at
higher temperatures. Thus, turbulence may be beneficial in maintaining
wastewater in an aerobic state, but if the wastewater-is anaerobic and dissolved
sulfide is present, this same turbulence can cause rapld release of the H,S to the
sewer atmosphere. The H,S produces the "rotten egg"” odor characteristic of
stagnating sewage. Since equilibrium conditions are rarely observed, it is virtually
impossible to predict atmospheric H,S concentratlons based on Henry s Law.

The released H,S combines with moisture on the non-submerged surfaces of the
pipe and is oxidized to sulfuric acid by aerobic bacteria of the genus Thiobacillus
which colonize the pipe surfaces above the water level. There are many specn-':s
of this bacteria which successively colonize the slime layer as sulfuric acid is
produced and the pH drops. More acid-tolerant species then predominate.
While new pipe has an alkaline surface pH, weathered pipes have a surface pH
of about 6, and pipes which are subject to active sulfunc acid corrosion may have
a surface pH of 3 to 1. :

The hydrogen ions of the acxd attack the calcium hydroxxde in the hydrated
Portland cement of the concrete sewer pipes, while the sulfate combines with the
calcium ions to form gypsum (CaSO,), a soft corrosion product. In addition,
calcium sulfoaluminate (3CaO Al,0,CaSO, 31H,0), also known as ettringite,
may form. Both gypsum and ettringite occupy considerably greater volume than
.the compounds they replace. ' This leads to expansion and disruption of the
concrete, and loss of aggregate. Both products are easily washed away by
wastewater, thus exposing fresh material to sulfuric acid. In early stages of
corrosion, the pipe wall swells, making it dxfﬁcult to measure concrete loss due to
corrosion. :

Figure 1-1 summarizes the processes which occur in sewers under aerobic and

anaerobic conditions.

H,S directly attacks metals mcludmg uon; copper, and silver. H,S can ‘cause

blistering and embrittlement of ductile iron pipe. Even at low concentrations in the
atmosphere (<1 ppm), H,S can cause extensive damage to electrical contacts and
circuits present in controls, switchgear, and computer equipment.
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The rate of sulfide-induced corrosion is affected generally by the characteristics.
of the wastewater and the collection system. Many variables directly or indirectly affect
sulfide generation, H,S release, and sulfuric acid corrosion. These variables are
summarized in Table 1-1. ' o
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 TABLE 11

| FACT ORS AFFECTING SULFIDE GENERATION
: _— AND CORROSION IN SEWERS o

FACTOR .

- Wastewater Characteristics

- Dissolved oxygen

' Biochemical oxygen demand |
' (organic strength) .- "
- Temperature

‘Pres'e‘nce of_sulfurlccmpounds; N

- ’Sewer System Characteristics =

. Slope' and yelocity N

‘:Turbulence

| Surchargmg :

’ Presence of force mains and 1nverted, -

srphons

N

N Se_wer plpe materials

Concrete alkalinity. -

‘ Accumulated grit and debris

v Affects degree of reaeratxon,
. deposxtron, H,S release, thickness of sllme
o layer ’ \

.surcharged

' EFFECT -

' ‘Low DO favors proleeratlon of anaeroblc :
-~ bacteria | and
: generatxon '

subsequent sulfrde ;

. Hrgh soluble BOD' encourages mlcroblal
A growth and DO depletlon :

- High temperatures increase “microbial
growth rate and lowers DO solubility

" Low pH favors slnft to dxssolved HzS gas ,

, .Sulfur compounds requlred for sulﬁde | ;
generatxon : : ‘

\_/

'» solrds.. .

Same effect as slope/velocrty

Reduces oxygen transfer and promotes .

sulfide generatron, w111 not corrode wl:ule

P

- Same effect as surchargmg, releases HZS

at the turbulent dxscharge end

' Corr051on resxstance of plpe matenals
* varies widely

Higher “alkalinity reduces corrosion‘ rate

Slows wastewater ﬂow traps organxc ‘
solrds :
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2;0 NATIONAL ASSESSMENT OF CORROSION
| 2.1 Introductlon

" In the spnng and again in the fall of 1987 EPA met w1th representatxves of the '
County Sanitation Districts of Los Angeles County (CSDLAC) and the’ Cxty of Los -
' Angeles to learn about the nature and severity of the corrosion problem in the -
wastewater collection system. CSDLAC. presented slides and video recordings that
documented the degree of corrosion and its increase over time. In addition, a field ,
. inspection of a severely corroded sewer line was conducted. It was concluded from the
~ visits. that a national assessment of corrosion was warrantéd to document the severity of
. corrosion- problems in other cities and to determine if other municipalities had o
‘ expenenced increases in corrosion rate upon unplementanon of industrial pretreatment

e standards

The national assessment of corrosron consxsted of the followmg major elements

_®  site visits in early 1988 to six cities w1th documented corrosion problems to

- determine if severe hydrogen sulﬁde corrosxon problems were umque to-
. CSDLAC A

° ; vsxte v151ts in 1989 and 1990 to three cmes with hydrogen sulﬁde corrosion - :
| problems at wastewater treatment plants and lift statxons to document the-
extent of problems and prepare case hrstones L

L B site visits in 1988 to three cities with pretreatment programs to assess the ;
‘,effects of pretreatment. v

. comprlatron of detarled case hxstones in 1988 for several wastewater
: ~collection systems to document the hlstory of corrosion in those systems

L collecuon of samples from two wastewater collection systems in 1988 for
o physrcal, chemical, and microbiological analyses to gain a better .
. understandmg of the mechamsms of c¢orrosion. .

e telephone dlscussrons thh offic1als of various cxtles reported to have ,
: corrosron problems : r

® “i - contacts with engmeers, sewer rehabxhtatlon contractors, and
R manufacturers of matenals used in sewer rehabllxtatxon or replacement.

o evaluatron of mformatron collected in surveys ‘conducted by CSDLAC
- mumcxpal assocxatxons, and pollutron control orgamzatrons




2.2  Site Visits to Assess Hydrogen Sulﬁd‘e‘Cormsi.;on in Sewers

One of the first efforts of the project was to determine whether severe sulfide-
induced corrosion was unique to the CSDLAC sewer system. To answer this question,
site visits were made to six cities with reported corrosion problems. To identify
potential cities for site visits, information was reviewed from several sources, including
surveys conducted by the Association of Metropolitan Sewerage Authorities (AMSA) in
1987, CSDLAC in 1984, and the Water Pollution Control Federation (WPCF) in 1984.
In addition, regional EPA offices and literature articles provided supplemental
information. Based on this information, a list of 131 candidate cities was compiled. Of
these 131 cities, 66 were reported to have problems with sewer corrosion. Further
review resulted in preliminary selection of 34 cities expected to yield the most valuable
corrosion data during site visits. :

Six sewer systems were selected for site visits from the list of 34: Albuquerque,
New Mexico; Baton Rouge, Louisiana; Boise, Idaho; Casper, Wyoming; Forth Worth,
Texas; and Seattle, Washington. Each city had reported severe corrosion problems.

In addition, two other cities, Charlotte, North Carolina and Milwaukee,
Wisconsin, were selected for further study. These two differed from the others in that
they did not have known corrosion problems, and they had certain sewer segments that
carried a large proportion of industrial flow, including pretreated metal finishing wastes,
while other sewer segments carried primarily residential wastewater. It was postulated
that this may allow observation of whether the industrial sewers had been "protected” by
the presence of metals or other industrial waste constituents compared to those sewer
segments conveying strictly residential waste. All eight cities had industrial pretreatment
programs in effect. '

The primary purpose of the site visit program was to determine if severe and
- high-rate corrosion is unique to the CSDLAC wastewater collection and treatment
system. Each site visit typically included one and one-half to two days in the visited city.
On the afterncon of the first day, the field team met with representatives of the city or
agency to review the characteristics of the local collection and treatment system and to
select six to 10 locations for observation the following day.

Field observations and measurements included monitoring gaseous hydrogen
sulfide in manhole and sewer atmospheres (Industrial Scientific Devices, Model HS
267), measuring sewage pH with a portable pH meter (Nester Instruments, Model
34100-403), measuring total sulfide in sewage with a portable test kit (HACH Co., Kit
No. HS-6), and using a screwdriver to probe manhole and sewer walls to evaluate '
depth of corrosion and integrity of concrete. Photographs were taken ‘and pH paper
(Color pHast, 0-14) was used to measure surface pH at several locations on sewer and
manhole walls. Additional observations were made of smoothness of sewage flow,
sewage velocity, and the presence of sewer laterals, bends, and drops. Background
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mformauon (e. g pipe age, slope, dlameter, .approxxmate sewage age, and the presence ;
- of coatmgs or hmngs) was also recorded ‘when available. :

To dlstmgutsh levels of severity and rates of corrosron, the followmg arbltrary
defimtrons were developed for this study ) : > ‘

' Severe corrosion - loss of one mch Or more of concrete loose or mlssmg
,aggregate exposed remforcmg steel. -

‘ gl_r-rate corrosion - rate of corrosion whxch would cause a loss of at least one
" inch of concrete in twenty years. This. rate is srgmﬁcant since rexnforcmg steel is
" generally about one inch below the interior concrete surface of large pipes
-constructed according fo industry standards. Exposure of remforcmg steel to
- corrosion. can lead to structural xmpatrment.

' ,Accelerated corrosron - an increase in the rate of corrosion with, time}
Corrosron was observed in all erght cities, and was consrdered severe in at least

" one location in each city except Charlotte. High-rate corrosion was observed in at least
one location in each city except Charlotte and Milwaukee. During EPA’s site ‘

_investigations, the estimated depth of corrosion was divided by the age of the pipe to L

_ yield a lifetime average corrosion rate. However, it is impossible to determine from

" these data whether the corrosion rate has changed with time. Such inspections merely
offer a snapshot" of the corrosion processes and provide no information on the history
. vof corrosion, i.e., whether accelerated corrosion had occurred A summary of conditions
.in each city is presented in the following paragraphs A summary of pertment -
1nformatron collected dunng -the site visits is shown in 'l'able 2-1."

- 2.241 Albuquerque, New Mexico ‘

The Clty of Albuquerque mamtams approxxmately 1 400 mxles of sewer whxch ‘
serve approximately 450,000 people and transport an average of 49 million gallons per ' -
day (mgd) of wastewater to the city’s treatment facility. Separate storm. sewers are used'
throughout most of the- cxty, but some combmed systems do exist...

Albuquerque expenences 90 to 100 collapses per year that are attnbuted to

L hydrogen sulfide corrosion in its approxrmately 400 miles of 8-inch-diameter concrete- :
~ pipe. These collapses are mostly in residential areas, and each typically involves two to - -
four pipe sections (20 feet). The problem of pipe collapse is widespread in the city, but
- seems concentrated in North Valley, an older part of town that has the most concrete’
plpe, and in pipe 40 to 60 years old The rest of the collectors are mostly clay plpe

. Corrosxon seems to be worst at locatrons where a force main dxscharges to a.
manhole, at hft stations in gravity sewers (the city is beginning to use polyvinyl chloride
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’ ‘[PVC] lmers at those locatrons) near mterceptors where hydrogen sulﬁde moves back ‘
‘into laterals, and at locations mrdway between manholes. Albuquerque ‘'does not have =
' much industrial discharge, and pipe failures are not related to the presence of industrial. -

' The city now has a television inspection program for small-diameter sewers (8 xnches)

t

- replace 30,000 feet per year. The crty has replaced up to 12-inch concrete lines with

N drameter pipe has been sliplined since 1978.

“and hydrogen peroxide at several locations for odor control during the summer.
- Untreated wastewater has had total sulfide concentration of up to 4.3 mg/l. The city -

. of longer lasting effects and safety concerns.

dlscharges There are only about three small electroplaters in the area.
In the past, Albuquerque has not had a formal program to rdentrfy corrosron
The city replaces about 18,000 feet per year of 8- to’ 10-inch pipe. The goal is to

clay or PVC to prevent further corrosion. A total of about 40 mrles of mostly 8-inch-

Albuquerque experiences a summertime odor problem, and injects chlorme gas -

will be switching some of the chlorine units to hydrogen perox1de in the future, becauseﬁ L

Sewers 24 inches or less in drameter are cleaned at mtervals rangmg from three

 months to two. years. Larger sewers are not cleaned.

Corrosron at the wastewater treat:ment facxhty is limited pnmanly to metal .

' components. | Ventllanon is used to help control corrosion msxde the treatment :

- buildings.

The city 1dent1ﬁed six sites scattered throughout the area to exempley the o
corrosion: problem in Albuquerque: -Arno and Wesmeco streets; Marquette Avenue and -
Edith Street; Iron and 14th streets; Coors Boulevard and Churchrll Road; Atnsco ;

- Street; and Rossmoor Street.

An example of hlgh raté corrosron exists at the Atnsco Street ‘site. The site is
seven years old and near the upstream end of the system. The slope in this reach of

~ pipe is very flat, and sewage velocity was estimated to be 0.5 feet per second (fps). The '

manhole at this site was installed with a bituminous' coating that has separated almosts
entirely. from the concrete, In seven years, the concrete on the walls and soffit of the
manhole has corroded up to an estimated depth of 1.0 inch. The inlet and outlet pipes
at this manhole are PVC-lined and in good condmon Measurements of pH on the
manhole and prpe walls ranged from 1to5." . .

Three other sites- (i. e., Arno and Wesmeco streets, Iron and 14th streets, and
Coors and Churchill streets) have experienced severe corrosion. Measurements of pH
on the walls of manholes and pipe ranged from 2 to 5 at Arno Street,"and from 1 to 2
at Coors Street, and were 4 at Iron Street. Depth of friable concrete or corrosion

) product ranged from 0.50- to 2 inches. However, the pipe and manholes at these sites .




are considerably older than the Atrisco Street site, reflecting a lower rate of corrosion
over the life of the installation. The current rate of corrosion at these sites cannot be
determined from available information. ' :

The manhole at Marquette Avenue and Edith Street has experienced some cor-
rosion; however, manhole access problems prevented quantification. The flow in this
manhole is turbulent. The Rossmoor Street site is not corroded badly, although- pH
ranged from 2.5 to 4 at this site. B | ‘

Except for the Marquette Avenue and Edith Street site, release of hydrogen
sulfide gas is not believed to be accelerated by turbulence or drops at the Albuquerque
sites. Long detention times, flat slopes, and warm sewage temperatures are thought to
promote hydrogen sulfide corrosion of concrete system-wide in Albuquerque, as
reflected by low pH readings at all sites.

2.2.2 Baton Roixge, Louisiana

The City of Baton Rouge maintains approximately 250 miles of sewer which
transport an average of 36 mgd of wastewater to the city’s three treatment facilities.
The sewer system serves the entire East Baton Rouge Parish except for two smalil
communities. The system serves 375,000 people. Baton Rouge officials estimate that
they have approximately 75 miles of unlined reinforced concrete pipe larger than 24-
inches in diameter. | - : |

Industry contributes less than 5 percent of the total sewered flow. The major
industries, including a large oil refinery, treat their own waste and do not discharge
industrial effluent to the sewers. Those industries that do discharge to the Baton Rouge
system are generally in compliance with the established pretreatment program. Industry
is not concentrated in any one -area of the system, and city engineers do not correlate
corrosion in their system with industrial discharge. '

The Baton Rouge sewer system is completely separate. Corrosion of concrete
pipe is system-wide. Baton Rouge experienced its first sulfide-related pipe collapse
about five years ago. This collapse was the first indication to the city of the severity of
its corrosion problem. A consultant’s report to the city on preventative maintenance of
the system made reference to odor control, but did not focus on corrosion. The city did
try chlorine addition in the mid-1970s, but abandoned the program in less than one year
because of high costs. The city does some television inspection of the system, but does
not have a system-wide hydrogen sulfide corrosion prevention program. -

The city has experienced multiple problems in some pipe reaches. Repairs made
with fiberglass or plastic pipe appear to be holding up well; however, one repair done
with concrete pipe experienced corrosion and needed subsequent replacement. Baton
Rouge acknowledges that turbulent flow conditions due to changes in grade or .

»
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" areas.

V'd‘irection,v'pump station disbharges, or drop connections, are usually prevalent at p‘roblem

: Baton Rouge selected exght sites for EPA to observe: a pump statron, the ‘
Central Treatment Plant, and six manholes located throughout the sewer system (two in
. the north subsystem, one in the central subsystem, and three in the south subsystem).

The sites ranged in location from one within approximately 1 mile of a treatment plant-
and 10 miles from the upstream end of a reach, to one located near the upstream end
of a reach. Corrosion was observed at each site, with varying degrees of severity. All
sites visited were constructed in the early 1960s. Prpe slopes ranged from 0.003 t‘t/ft to
0.00015 fuft. :

iy . Pump Station No. 59, a 27-year-old structure,’ whrch is located 1 mrle upstream
from the Central Treatment Plant and collects wastewater from about 10 miles
upstream, was the first site visited. A pH of 6 was measured on the wet well walls;

‘shallow corrosion, 0.25 to 0. 5 inches deep, was observed The wet well often surcharges, '
g washmg the walls. ‘ o .

The Central Treatment Plant had shallow corrosion of some concrete structures ‘
The force main. discharge structure at the plant headworks was corroded, and aggregate '
was exposed in both the primary clarifier influent and effluent channels. Some o
corrosion of metal had also occurred at the plant headworks. A. 0.6 parts per million -
(ppm) total sulfide content was measured in wastewater at the plant headworks Plant v
mﬂuent pH was 6. ' :

The first manhole visited is located at Front and North streets in the Central

 District, about 0.75 miles downstream of a pump station and within 1 mile of the

Central Treatment Plant. Measurements of pH in the manhole and the 30-inch- .
diameter pipe ranged from 4to 6. Large aggregate, indicating up:to 0.5 inches of plpe
loss, was visible in the pipes above normal water line. Flow at this location was '
turbulent due to the pump station upstream, a change in slope about 100 feet ~
downstream, and a 12-inch-diameter inlet with to 2- to 3 foot drop. The wastewater

. had a trace of sulfide and pH of 6

. The next two sites are in the North Drstnct. Devall Lane off Blount Road, and
_Georgia Street at Hardmg Boulevard. The Devall Lane site is directly downstream of a .
pump station, and flow is made more turbulent by a 1.5-foot drop across the manhole.
The site is located at the midpoint of a 12-mile-long dramage area. A total sulfide
concentration of 0.05 mg/l and a pH of 6 were measured in the wastewater. Pipe
surface pH measurements ranged from 2 to 5.5. The pipe at this location was severely
corroded above the normal water surface (during pump discharge). Some mortar is
. missing between the bricks in the manhole and some bricks were observed on the floor
of the downstream pipe. Observatrons revealed that as.much as 1 5 mches of concrete
may be corroded. : :




The Georgxa Street site is in the upstream thn'd of the same dramage area. The
wastewater had a sulfide concentration of 0.08 mg/l and pH of 6.5. Pipe pH
measurements ranged from 5.5 to 6. Although this site is also less than 0.25 miles
downstream of a pump station, pipe corrosion was estimated to be minor. Only small
aggregate was exposed, mdxcatmg 0.25 to 0.50 inches of concrete loss. Two drop plpes
enter this manhole, and the pipe changes direction about 100 feet downstream. ’

The final three sites visited are in the South sttnct. Winbourne Street at East
Brookstown Drive, East Contour Drive, and Staring Lane. The Winbourne Street site
had a wastewater pH of 7 and sulfide of 0.17 ppm. Pxpe surface pH measurements
‘ranged from 5 to 6. The 36-inch pipe at this location is corroded severely and
corrugations were visible at remforcmg steel locations. There is a 2-foot drop across the
manhole. Winbourne Street is located near the upstream end of a 15-m11e-long
drainage reach.

The Contour Drive and Staring Lane sites are on the same 54-inch pipe in the
middle and near the downstream end of the reach, respectively Wastewater sulfide
content was 1.1 ppm at the Contour Drive site; wastewater pH averaged 6 at the two
sites. Pipe surface pH measurements were between 2.5 and 4 at the Contour site, and
2.5 and S at Staring Lane. Corrosion at these sites was limited to about 0.50 to 1 inch
of concrete loss, exposing only the first layer of aggregate.-

Hydrogen sulfide gas'levels of 3 to 4 ppm were measured at the Contour Drive
site. The Staring Lane site is just downstream from a 36-inch-diameter force main
terminus. In addition, the downstream pipe at the Staring Lane site had' a broken invert
near the manhole, which has created a backwater condition and turbulence at the
manhole. | |

2.23 Boise, Idaho

The City of Boise maintgins approximately 325 miles of sewer which transport an
average of 24 mgd of wastewater to the city’s three treatment facilities. Boise provides
sewer service to three sewer districts and to Garden City. Boise has recognized a
hydrogen sulfide corrosion problem in its system since 1983. Concrete sewers and
manholes in at least four areas have experienced severe corrosion. Some of their most
seriously damaged manholes have been coated recently with matenals to resist further :
sulfide attack.

Hydrogen sulfide corrosion in Boise is system-w1de Boise officials feel their cor-
rosion problem can be correlated to low flows in hydrauhcally oversized sewers and to
turbulent flows created by force main discharges and drops in manholes. There is very
little industry i in the area, and Boise operates a completely separate sewer system.

Boise, in consultation w1th CSDLAC has tned Polymorphic resin-and Zebron

b
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| co‘atmgsv and Chrystallolr and ﬁberglassl liners m“se\teral of their manholes. Insituform
and shphmng have been and are presently bemg used in Boise to rehablhtate corroded

o sewers

After Borse dlscovered its problem in 1983, it reahzed that the 1977 telev151on g
- monitoring tapes indicated previously overlooked signs. of corrosion such as concrete
- swelling and spalling. During the visit, Boise displayed over 15 samples of 4-inch- -
~ diameter- cores, recovered from a 1984 coring program, which. showed the extent of
'corrosxon in different plpe sxzes, ages, and areas of the system > ‘ .

" Based on measurements of core thxckness and the known age of the plpe, Boxse :
' has calculated that lifetime corrosion rates are as high as 0.12 inches per year inthe
“sewer pipe at Glenwood and Chinden streets, and 0.15 inches per year in the sewer pipe

- at Canal and Columbus streets. Corrosion rates calculated similarly for pipe in the

' warm springs area was 0.03 inches’ per year over a 37-year penod, and 0.06 inches per .
year at Protest and Federal streets. L ‘ , ,

About 30 homes in the Warm Springs area use a geothermal water source for :
home heating.. The water is extracted from the ground at about 175°F and discharged -
from homes to the sewer at about 130°F. The sewage in this area of town averages
between 90 and 100°F. . The sulfate concentration of this water source is about 23 mg/l .
Corroded manho]es were observed in this area..

- The marntenance supemsor from the nexghbonng West Boxse Sewer Dlstnct
(West Boise) described a serious problem in his system. West Boise. replaced six

- manholes-after a 5-year-old sewer collapsed due to hydrogen sulfide corrosion in'1983.
‘There were 10-foot-drop laterals at some of these spun concrete, Type 2 concrete :
~manholés. - West Boise feels that hydrogen sulfide conditions are worse at tuibulent flow

~ areas (e.g., drop manholes) In addition, the supervisor cited uneven slope during
mstallatron of the system as contnbutmg towards solids deposmon in the hnes

West Boise prevrously used chlorine and hydrogen peroxide dosmg and
experimented unsuccessfully with bacterial seeding to control sulfide generation. . The
chemical treatment program was successful once the proper dosing was defined, but very
expensive. The West Boise maintenance supervisor also feels that hydrogen sulfide '
- conditions are worse at turbulent flow areas resulting from drop manholes. He noted -
~ that Garden Cxty, a nearby area thh high- mﬁltratton and mﬂow has httle corrosxon

The West Boxse Sewage Treatment Plant, owned and operated by Boxse Clty, has
‘had air scrubbmg equlpment mstalled to reduce odor: emlssrons - , :

A tour of Borse s treatment plant revealed some concrete corrosmn Inﬂuent

. channels covered for three years at the plant’s headworks have expenenced corrosion,

partrcularly the channel that formerly camed sludge The covered wet wells had no
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corrosion, but the air has been scrubbed since the 1970s to reduce odor complaints.
The remainder of the process tanks at the plant are not covered (except for the = -
anaerobic digesters), and are not experiencing any concrete corrosion.

The field team members made observations at 12 sites in Boise. Of these, five
sites (i.e., one at Protest Avenue and Federal Way, and four along a segment of another
sewer between North Gary Street at West Baron Street and Glenwood Street at
Chinden Boulevard) showed a high rate of corrosion. The remaining sites, although
they often have acidic pH levels on walls, do not yet show evidence of corrosion.

The Protest Avenue srte is located only 2 miles from the upstream end of the
collection area and has a 10-foot-drop inlet. The long drop creates turbulence that is
believed to accelerate release of hydrogen sulfide and corrosion. A screwdriver could
be pushed up to 2 inches into the remaining concrete of the manhole wall.
Measurements of pH were 2 on the manhole wall. Thxs srte is 14 years old.

Four sites along a single 12-year-old line between North Gary Street at West
Baron Street and Glenwood Street at Chinden Boulevard also have high-rate corrosion.
Pipe at the downstream end (Glenwood Street at Chinden Boulevard) showed deep
corrugations at reinforcing steel, indicating that corrosion had penetrated deeper than
the reinforcement. Surface pH levels were 6 in the pipe and 1 in the manhole at North
Gray Street, 3 in the pipe and 1 in the manhole at Bluebird, and 3 in the manhole at
State Street. The wastewater sulfide concentration was 2.25 mg/l near the upstream '
end

A brick manhole and a previously corroded concrete manhole coated with Poly-
morphic resin were inspected in the Warm Springs area of Boise. The surface of the
brick manhole had a pH of 5, and the coated concrete manhole had a pH of 2.0 - 3.0.
Both the brick manhole and the resin coating appeared to be in good condmon

Additional observanons at one unlined and two lmed manholes dld not reveal
corrosion. Shallow corrosion, zero to 0.50 inches deep, was observed at a pump station
wet well.

2.2.4 Casper, Wyoming

Casper officials feel that a severe hydrogen sulﬁde corrosion problem exxsts in
that city. The problem first came to light in 1975 during reconstruction of the
wastewater treatment facility when a severely corroded influent line to the primary
clarifier needed replacement. Since that time, the city has begun looking for corrosion
in manholes as part of its manhole inspection program. In addition, the city tried
sodium hydroxide dosing once in 1986 and once in 1987 to control the slime layer inside
sewer pipes and has added clean water to upstream portions of the system to increase
flow rates and decrease detention times. The sodium hydroxide treatments were
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effective for approxrmately three-week penods Generatron of hydrogen sulﬁde is only

~_'a problem during summer months.. Casper also has a problem with hydrogen sulfide

corrosion of the engines being fueled with digester gas in its cogeneration plant. A
$16,000 rebuild was recently completed City staff reported that this digester gas -
s -cogeneratron problem is shared with Billings, Montana, and Boulder, Colorado

Casper officials 1dent1fied seven manholes for the visit. The ﬁrst observation was

- in a manhole on a 29-year-old 36-inch sewer line about 0.75 miles from the wastewater -

treatment facrhty 'The remaining observations. were along a 10-mile segment of a 6- to -

.. 7-year-old sewer that transports wastewater- from the western sxde of Casper to the
‘_ wastewater treatment facility. - ,

Corrosron is clearly evrdent in- the 29-year-old manhole. Aggregate is exposed

- and loose in some instances. - Up to 1.5 inches of pipe wall may have washed away. -
‘Corrosion product was not observed at this location; however, a pH of 3 was measured
on the manhole wall and a pH of 4 to 5 was measured in the crown of the downstream
pipe. Corrosion is evrdent at all the manholes observed on the 6- to 7-year-old sewer.
Furthermore, corrosive conditions appear to worsen the farther downstream that
‘observations were made. The farthest upstream observation was at a manhole located

~ -about 200 feet below a force main river crossing. The sewer.pipe appeared in very good .

condition, except for 0.125 inch of erosion evident along the side of the outlet. Pipe
- and manhole snrface pH was 6 at this locatxon, there was 1o. corrosron product. ,

"~ As the observers progressed to downstream locatxons, the presence of corrosron
product increased and pH levels on pipe and manhole surfaces decreased. ‘
Measurements at three downstream locations showed pH levels of 2 or less At the -
 farthest downstream location, Center and G St., approximately 1.5 mches of soft, mushy -
corrosion product was evident on the walls of the manhole. Because of the short length
of timé that this sewer segment had been installed, it was difficult to estimate the.
amount of concrete that had corroded However, corrosxon was clearly occurrmg -

The effluent channel of the pnmary clanﬁers at the wastewater treatment facxhty |

. -at Casper had severe corrosion. Up to 2 inches of concrete .may be missing from parts

© of the channel. The facrhty supermtendent believes that a major contnbutmg factor to-
 sulfide generation in that city is excessive sewage detention time. This results from
hydraulically oversized sewers: constructed in anucrpatxon of growth that did not occur
because of a regional economic downturn. In addition, high sulfate concentratrons m
the local dnnkmg water, 180 to 200 mg/l may aggravate the problem :

' 2.2.5 Fort Worth Texas 7 T
 The Clty of Fort Worth maintains approxxmately 2, 000 mrles of sewer Wthh

‘transport wastewater to a single treatment facility located adjacent to. Village Creek, a
tributary of the Tnnxty River. A second facxhty, the vaersrde facrhty, used to treat
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wastewater for the city; however, flow to that facxhty was dlverted to the Vﬂlage Creek
facility several years ago. v

Fort Worth expenences hydrogen sulfide odor problems durmg warm weather
and has had a pipe collapse that is attributed to hydrogen sulfide corrosion. In particu-
lar, one of the Village Creek collectors collapsed. The city now injects chlorine into the
two main interceptors (90 and 96 inches) to control sulfide and odor. The closing of
the Riverside Treatment Facility and concomitant slnftmg of flow to Village Creek have .-
decreased detention time and hydrogen sulfide levels in these two mterceptors

The industrial contribution of wastewater is a faxrly uniform 10 to 20 percent
throughout the collection system. The major sources are from electroplatmg, brewmg,
food processmg, and aircraft manufacturing. : ‘

The levels of metals in the wastewater have declmed dramatrcally durmg the past
five years. However, levels of aluminum and iron are high because of the discharge of
drinking water treatment sludge to the wastewater collection system at several locatrons

A pipe collapse was reported to have occurred at the end of a force main in the
nexghbormg City of Grand Prairie. The Clty of Pantego, also a neighbor, was said to
have a major problem.

Field team members entered five manholes in‘ Fort Worth to assess the presence
and effects of corrosion in the city sewer system. The manholes are spread out across
the cxty and represent several sewer main subsystems. Two manholes manifested severe
corrosion. At Rosedale Street, a section from the crown of a 36-inch pipe is clearly
visible lying on the pipe floor. The plpe walls have corrugatlons 1.5 to 2 inches deep;
an estimated 2 to 3 inches of pipe is missing. The city is aware of problems in this 30-
plus-year-old line and has rerouted wastewater to allow replacement of this sewer. This.
sewer has a steep, easily observable slope that increases sewage velocity and could ac-
celerate the release of hydrogen sulfide gas. The pH of the pipe surface at this
manhole was approximately 6, indicating that conditions were not as corrosive at the
time of the visit as in the past, probably because of the rerouting of the wastewater. '

The second location with severe corrosion was a 65-year-old, 54-inch pipe on
Bomar Street. At this location, the pipe upstream and downstream of the manhole had
corrugations 1 to 2 inches deep. In addition, a section of pipe wall approximately 1 foot
high by 6 feet long is missing from the right side of the pipe approximately 15 feet
downstream. An estimated 2 inches of concrete has eroded from the lower portion of
the manhole, and the joint between the manhole and outlet pipe has deteriorated. ' Two
15-inch laterals enter this manhole, but do not appear to be very active. The upstream
manhole has an active drop lateral, and flow in the downstream manhole is very
turbulent. In both instances, these factors could have contributed to release of.
hydrogen sulfide gas and an increased corrosion rate. The pH of the pipe surface at
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| thls manhole was approxrmately 6. There is no apparent mdrcatron of current or

' ongorng COl’l‘OSlOll

_ The other three manholes observed in Fort Worth are approxunately 30 years v
- old. Even though these locations had lower pH levels of 4 to 5, corrosion is not as

" ~ severe as at the other two. locatrons Drop laterals were not observed at or near these
" three locatlons

“_2.2.6 S&ttle, Washington . :

‘The Mumcxpahty of Metropohtan Seattle (Metro) maintains approxunately 247
miles of sewer which transport 186 mgd of wastewater to Metro’s treatment facilities.
Metro has had a hydrogen sulfide odor problem for many years. A large number of its
.concrete sewers and sewage structures have experienced extensive corrosion damage.
*The most serious identified cases of hydrogen sulfide corrosion have been. replaced or
reparred by coatings or lmers. - :

Constructron of Metro’s mterceptor facrhtres began in 1963 corrosion is
widespread in this relatrvely new system. - Local municipalities provide smaller-diameter
sewage collection systems which were not mvesngated during this study. The Seattle
area is heavily industrialized, and industrial flow represents about 25 percent of the total
flow; however, industrial discharges have not been correlated with sulfide generation or -

~_ concrete corrosion. Areas served by Metro to the east.and north of Lake Washington

have separate sewer systems for stormwater transport. Areas to the west of Lake .
: Washrngton are served predommantly by a combined samtary-stormwater sewer system.

Metro has an extensive sulﬁde momtonng program, and has had full-nme staff

- ‘workmg .on the problem since early 1987. Metro personnel look for hydrogen sulfide

- damage as part of sewer inspections during which headspace hydrogen sulfide
concentrations and pipe surface pH levels are also measured. Hydrogen sulfide

- concentrations from 0.1 to over 50 ppm have been found along with pH readings as low -

as 2. Metro’s records indicate lower pH readmgs occur at srtes with hrgher hydrogen

S sulﬁde gas concentratxons )

v Metro has tned various concrete liners and coatmgs in pipes’ and on structures t0' |
control corrosion as well as chemical addition to control sulfide. Sliplining, epoxy,

-polyethylene (PE), PVC, UPC (a polyurethane polyethylene copolymer), Ameron lining, |

‘ vpolyurethane (Sancon) C.T.E. coating, and Aquatapoxy all are being or have been:
‘tested by ’Metro since 1974. Both satisfactory and unsatisfactory performances have -
been observed. ‘For example, the PE liner on the East Bay Interceptor - Section 8 is in’

" good shape and is protecting the concrete behind it, but the UPC coating on the Lake

. Sammanish Interceptor failed and is peeling off. Hydrogen peroxide addition to control
. sulfide was tried but abandoned. for monetary reasons. However, Metro did find that
once a large shock dose of peroxrde was added, subsequent dosages could be reduced to
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control sulfide.

Metro has been involved in other activities related to hydrogen sulfide corrosion
control. Power cleaning of sewers, use of sacrificial concrete in its sewers, and sonar,
radar and ultrasonic measurement of pipe wall thickness have been tried. Metro has
also tried to monitor corrosion rate with concrete coupons and copper shavings hanging
in pipes; but found reactions too slow to provxde useful data. In addition, the Renton
Treatment Plant has a $5,000,000 odor-control system employing scrubbers, activated
carbon, impregnated carbon, and chlorine addition. A facilities plan study by a
consultant included sulfide-control recommendations. Concrete corrosion at Metro’s
treatment plants is not a problem

‘Seattle Metro personnel recommended ﬁve sites for observation. The sites are
widely distributed throughout the system and in parts of different subsystems. Three
sites are directly downstream of force main discharges: a manhole at East Marginal
" Way and South 112th Street, downstream of the Renton sludge force main; a manhole
near 15th Avenue W and W Raye streets, downstream of the Interbay Pump Station
force main; and the Hollywood Pump Station discharge structure. One of the remaining
sites, a manhole at 15th Avenue NW and 188th Street NW, is a few blocks downstream
from a force main. The fifth site, a manhole on the Lake Sammanish Interceptor at NE-
Union Hill and Avondale roads, is not downstream of a force main.. ‘

Concrete pipe downstream of both the Renton and the Interbay force main dis-
charges has experienced severe corrosion. Corrosion appears to have penetrated the
second Iayer of aggregate (1-inch loss) leaving only a short distance to reinforcing steel
in the pipe downstream of the Renton force main. The surface pH averaged 1.8. The
sewer downstream of the Interbay force main carries combined flow and occasronally
surcharges. The 21-year-old sewer pxpe was PVC-lined in 1978 for about 200 feet
downstream of the Interbay force main; however, severe corrosion begins where the
liner ends. Assumlng that the corrosion all occurred in the seven years following the
lining, the corrosion rate at the Interbay site is over 0.2 inches per year. Rust spots are
visible on the unlined concrete pipe wall, indicating that reinforcing steel will likely be
exposed soon. One and one-half inch is estimated to be missing. Measurements of
surface pH average 1. 3 at Interbay ‘ ' ' .

Exposed aggregate and corrosion were observed around the ﬂap gates at. the
Hollywood Pump Station dxscharge and on concrete not protected by a PVC lining.
However, most of this structure is PVC-lined. The exposed portlons are probably
exposed to erosional forces when the pumps dlscharge

The manhole at Union Hlll and Avondale roads showed shallow corrosion, zero
to 0.50 inches deep, and had a surface pH of 3. The inlet and outlet pipes to this
manhole were in good condition, even though the UPC lining was in poor.condition..
The site at 15th Avenue and 188th Street NwW also showed only shallow corrosion,
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wlnch ‘was lnmted to the outlet pipe. This sewer carries combmed samtary-stormwater
flows. The surface pH level averaged 1.2 at this site. A wastewater total sulfide
concentrat:lon of 0.6 mg/l was measured at the Umon Hill Road s:te

‘The frequent presence of force mains, requlred to overcome topographxc barners,
appears to increase the hydrogen sulfide corrosion problem in Seattle. Seattle feels
. industrial metal bearing discharges have no correlation with corrosmn, since that
mdustry has always had pretreatment standards : :

LA

‘2.2.7 Charlotte, North Carolina -

In the Charlotte-Mecklenburg Utlhty Dlstnct (CMUD) system, EPA compared
corrosion conditions in purely domestic sewers with conditions in sewers that carry
.industrial flow. Approximately 15 metal finishers and a large foundry are permitted for
discharge into the CMUD sewer system.. The field team entered six sewers with a large
ﬂow contrfbutlon from mdustry and four sewers with only domesnc ﬂow o

_ CMUD personnel were not aware of wstem-wrde hydrogen sulﬁde corrosion
problems, although a failure occurred in the Briar Creek sewer sometlme prior to 1973.-

Since that time, CMUD has been specifying tricalcium phosphorus as an additive to its

concrete pipe. CMUD also currently speclﬁes a 1-inch sacrificial layer of concrete in its

 pipe. In the late 1960s, CMUD had an odor study done on the Briar Creek Sewer; it -

implemented a program of hydrogen peroxide addition for odor control in 1974. The
hydrogen peroxide was added to a point about 3 miles upstream of the Sugar Creek

~ Treatment Plant to which the Briar Creek sewer is tributary. ‘This action was unrelated '
to the prior Briar Creek failure.. Strong odors at the Sugar Creek treatment facility'
prompted another odor study in the late 1970s. The second study lead to the injection |
of hydrogen peroxide ata locatlon 0:50 mxles upstream m both 54-1nch mﬂuent hnes to

- the plant.

The Charlotte water supply is categonzed as soft” by CMUD and has a 8.0- to
-9. O-ppm total sulfate concentration. :

Two of the domestxc sites (Davidson Street at East 22nd Street, and Myers Street .
at East 12th Street) are in the Sugar Creek drainage area and two (Arborway near
Sedley Road, and Old Providence Road near. Sharonwew Road) are in the McAlpine
Creek drainage area. The Sugar Creek sites are 7 and 6 miles from the treatment plant,
- and 5 and 6 miles from the upstream end of the same-drainage area, respectively. The
McAlpine Creek sites are 7 and 8 miles from the treatment plant, and 3 and 10 miles
from the upstream end. of thexr respectlve drainage areas. All pipe observed in the .
CMUD system is 20 to 25 years old. Wastewater sulfide concentrations at the four sites -
. ranged from 0.2 to 0.6 mg/l. Wastewater pH measurements were 6 at three sites, and |
5.5 at the Old Providence Road site. It was the only site in Charlotte with pipe and - -
manhole surface pH measurements below 6. Pipe surfice pH measurements were 4.5 to




5. Corrosion product extended about 0.25 inches deep; exposing ';peastone" aggregate at
this site. : ' P o '

Two of the four domestic sites experience turbulent flows due to a bend and an
obstruction. Although the wastewater contained measurable concentrations of sulfide at
each site (0.6 mg/l and 0.4 mg/l), there was no measurable headspace hydrogen sulfide.
The Old Providence Road site has a 42-inch pipe and was flowing half full at about 2
fps when observed. The three clean pipes ranged in size from 24 to 54 inches in
diameter. : | T

Three of the industrial sewers (Clanton Road at the Irwin Creek Bridge,
Remount Road at the municipal park, and Freedom Drive at Thrift Road) are in the
Irwin Creek drainage area, 1 to 6 miles from the treatment plant, and 5 to 10 miles
from the upstream end of the same drainage area. Two of the industrial sewers (Old -
Nations Ford Road near Ervin Lane, and Granite Street near Continental Boulevard)
are located in the McAlpine Creek drainage area. The remaining industrial site is
located next to Park Road near Moncure Drive in the Sugar Creek drainage area. The
McAlpine Creek sites are located approximately 10 and 7 miles, respectively, from the
farthest upstream points in their drainage areas. The Granite Street site is about 1 mile
downstream of a 12,000-foot, 24-inch-diameter force main; the wastewater pH was 5.5 at
this site. The Park Road site is located about 7 miles from the farthest upstream point

"in.its drainage area. ’ ' - ‘

Two of the six industrial sites showed signs of very shallow hydrogen sulfide
corrosion. The Remount Road site had lost just enough concrete to expose aggregate
and also had turbulent flow. The Granite site had turbulent flow and an observed
velocity of approximately 10 fps. This site also had four consecutive drop manholes
upstream. Pipe wall and manhole surface pH measurements were pH 6, and some
corrosion product was observed. Wastewater pH measurements were 6 at four of the
industrial sites, 5.5 at one site, and 10 at the remaining site. Wastewater sulfide ranged
from 0.0 to 0.3 mg/l. The wastewater sulfide level was 0.05 mg/1 at the site where |
wastewater pH was 5.5, and 0.0 mg/l at the site where wastewater pH was 10. There
was no measurable headspace hydrogen sulfide gas at any of the six industrial sites.

Pipe diameter at the industrial sites ranges from 21 to 54 inches, and all pipes are
approximately 20 years old. The observed flows range from one-third to two-thirds full,
from smooth to extremely turbulent, with velocities typically 2 to 4 fps. '

2.2.8 Milwaukee, Wisconsin

 The Milwaukee Metropolitan Sewerage District (MMSD) maintains
approximately 305 miles of sewer and two treatment facilities which serve approximately
one million people in the Milwaukee area. The average daily wastewater flow is 190
mgd, of which industrial flows represent over 25 percent. MMSD estimates that 15
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.percent of the area served by its system contributes storm flow. Wet weather flows at-
" both treatment plants double dry weather flows. The average biochemical oxygen

demand (BOD) is 200 mg/l and total suspended solids (TSS) is 250 mg/l at the two
~plants. ' \ '

- In the MMSD system, EPA compared corrosion condmons in purely domestxc :
- sewers to conditions in sewers that carry industrial flow. Approximately 90 -
» electroplaters and metal fimshers and about 15 tannenes are permitted for discharge
into the MMSD sewer under its pretreatment program. Some of the permitted

' tanneries have waivers to dxscharge wastewater without pretreatment for sulfide, makmg

-data obtained from the MMSD system particularly. pertinent to this study. Observations

. covered five sewers with only resrdentxal flow and five sewers with a heavy mdustnal C
L contnbutxon to the flow. S :

MMSD personnel were not aware of any hydrogen sulfide corrosion problems
- The District recently mspected (by television) 20 percent of its large-diameter pipe. =
_Annually, it inspects an additional 40,000 feet.' MMSD also manually inspects manholes
_ and sewers during a standard manhole step replacement program and a seasonal
 manhole cleamng program. MMSD has some odor problems; however, these are
- located in parts of the system where the odors do not generate pubhc complamts
‘Three of the resxdentxal sites are in the northern part of the service area, 4 to 6
R nnles from the Jones Island Treatment Plant, and 3 to 5 miles' from the upstream end of
the system. Pipe ages at these sites range from 50 to 70 years old. None of the three
sites revealed any wastewater sulfide. Wastewater pHs were all 6.5, and pipe and
manhole surface pHs were all 6.5. (Accordmg to carbonate chemistry, one would expect
‘weathered concrete to be about pH 6.3.) No corrosion or signs of corrosion of pipe or
manhole concrete were observed at these sites, even though one site is a junction’ ,
structure and another site is located just downstream of a pump station. 'In both cases, -
these locatxons often experience turbulent ﬂow and potential release of hydrogen sulﬁde
gas. - | , , :

The other two residential sites, located in the South Shore Treatment Plant v
basins, are 8 to 10 miles from the treatment plant, and 3 to 5 miles from the upstream

o end of the basin. The first site is less than 20 years old, and the second site, -

Kinnickinnic, is 50 years old. Observatxons at the 20-year-old site were similar to those
at the first three residential’ sites. However, a wastewater sulfide content of 0.5 mg/l was

found at the Kinnickinnic site and pH of 3.5 was meastred on the crown of the .

. downstream pipe. Kinnickinnic had sevére corrosion from the water line up the plpe
~.about 1 foot. Up to 1 inch of concrete appeared lost as estimated by aggregate

exposure in this 36-mch-d1ameter pipe. A black slime growth was observed from 1 mch '

above the normal water line to 2 1nches below

Flve, sxtes ‘had large' amounts of mdustnal_ flow. Three sites are about 2 to 3
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miles north of the Jones Island Treatment Plant and two are immediately upstream of
the plant. All five sites are at least six miles from the upstream end of the system and
are at least 40 years old. Corrosion was not observed at any of these sites. '

Two of the industrial sites had measurable sulfide in the wastewater: 0.18 and -
0.40 mg/l. Wastewater pH ranged between 6.5 and 7.5. Pipe and manhole surface pH
measurements ranged between 6.0 and 7.0. One of the industrial sites was located less
than 0.5 miles downstream from a tannery. Two sites had initial hydrogen sulfide gas
concentrations of between 0.5 and 0.6 ppm in the pipe headspace. One site located in
the downtown industrial area could not be entered because of a photoionization meter
reading of greater than 1,000 ppm. Two sites had abrupt changes in direction 20 to 30
feet upstream from the manhole and 6 to 8 inches of bottom debris. Typical at these
sites was a grease buildup on pipe and manhole walls, calcium buildup, and slime, but
solid concrete pipe underneath. | - ’

23  Site Visits to Assess Hydrogen Sulfide Cofrosion at Wastewater Treatment
Plants and Pump Stations ' ‘ .

Site investigations were conducted at five wastewater treatment plants in three
cities. The purpose of these investigations was to document the location, nature and
severity of hydrogen sulfide corrosion problems at these facilities. The wastewater
treatment plants included the Hookers Point facility in Tampa, FL, the East Bank and
West Bank plants in New Orleans, LA, and the Hyperion and Terminal Island plants in
Los Angeles, CA. Pump station corrosion was also investigated as part of these site
visits. “ ‘

The type and extent of information available from the various cities varied
widely. Some cities closely monitored hydrogen sulfide levels in the wastewater and in
the atmosphere, and maintained detailed records of corrosion repair and rehabilitation
efforts. Others had done little to monitor or control corrosion.

The following provides a summary of the information collected from the site '
visits to cities where corrosion was believed to be a problem in the wastewater treatment
plant and pump stations.

2.3.1 Tampa, Florida
2.3.1.1 Wastewater Treatment Plant

The Hooker’s Point Advanced Wastewater Treatmént Plant was expanded in
1978 to handle a design flow of 60 mgd. The plant is averaging approximately 57 mgd,
and employs advanced waste treatment (AWT) for biological nitrogen removal. Unit

processes at the plant include influent screens and grit chambers, primary clarification,
two stage activated sludge treatment, secondary clarification, denitrifying filtration,
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chlorination and dechlorination. The plant achieves nitrification/denitrification before it
. discharges to Tampa Bay. Sludge handling processes are varied, and consist of gravity,

' dissolved air flotation, or belt filter thickening of waste activated sludge, anaerobic or '

. aerobic digestion, and belt press or drying bed dewatering. - A new sludge dryer and

pelletizer will come on-line in the fall of 1990 ' )

Hydrogen sulﬁde corrosion at the wastewater treatment plant is very severe. The
. walls of the influent ]unctron box were constructed with a corrosion-resistant plastic
liner. HzS corrosion is also severe in the screen’and grit building and in the effluent
chamber in the grit building. Dissolved sulfide is approximately 10 mg/l in the influent
-wastewater. Concrete on the roof of the junction box had -also-corroded to an extent
that the aggregate was exposed. All mechanical equipment showed mild to severe .
, corrosion. Hand ralls, platform, and other structures at the primary clanﬁers were
~ corroded. '

‘ The plant expends 51gmﬁcant resources to combat hydrogen sulfide corrosron
_All carbon steel parts have been replaced by stainless steel parts wherever possrble
- Electrical components have been covered and electrical sockets replaced using plastic
materials. A very rigorous painting schedule is maintained on all equipment and parts
at the junction chamber: H,S levels in the atmosphere of the screen and grit. buxldmg
- are as high as 20 ppm. A fine-mist scrubber was installed to treat the H,S-laden air
- emissions from the junction box. Although designed to handle 50 ppm of H,S, levels
entering the scrubber range from 400 to over 1000 ppm. The capital cost of the
scrubber. system was approxrmately $1, 000 000. Annual operatmg cost is estlmated to be -
-$400,000/yr. - , v ‘

The pnmary clanﬁers at the. wastewater treatment plant are also at an advanced

' stage of corrosion. Some clarifiers are 40 years old and the others were built during the
expansmn There is little corrosion at the influént end of the clarifiers but severe
corrosion at the effluent end. The wastewater has a fall of four feet in the efﬂuent .
channel thereby creating turbulénce and releasing HZS to the atmosphere with the result‘
“that the concrete. structure at the efﬂuent channel is severely corroded '

Most of the moving parts on the clanﬁers have been replaced by plastlc, 8

- including the scraper mechanism. Gear motors and electrical/mechanical components

‘are covered with corrosive-resistant materials. Approximately 2 to 4 inches of the side
- walls at the effluent channel in the. primary. clarifiers have been lost dué to corrosion..

At some locations, reinforcing steel was visible. The rehabilitation of the clarifiersis -

. now under contract and includes the. 1nstallanon ofa plastxc liner on the walls.
- Hydrogen sulfide corrosion downstream of the clanﬁers is very limited. There is very . ‘
little hydrogen sulfide corrosion found at other treatment processes and sludge handhng, <

facllmes

Hydrogen sulfide corrosion of instrumentation and controls at the wastewater-
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treatment plant was severe at the transformer cabinets. All copper tubing and wiring
corrodes rapidly. Corrosion of electrical contacts was widely observed. Switchgear at
the influent junction chamber also corrodes rapidly. Corrosion prevention measures for
instrumentation and control equipment includes covering the instruments, purging with
clean air, and air conditioning control rooms. All electrical equipment at the plant is on
a preventative maintenance and painting schedule. Contacts and relays are cleaned
regularly. Transformer housings must be replaced periodically.

Although corrosion of sludge handling components and structures has been a
problem in the past, such problems have largely been eliminated through gradual
replacement with corrosion resistant materials such as galvanized and stainless steel.
Spare parts are stored in an air-conditioned warehouse to prevent corrosion. Minor
corrosion problems are still evident where components such as conduit fittings are not
available in corrosion resistant materials. o

23.1.2 Lift Stations

There are 160 lift stations in the sewer system that collect and transport
wastewater to the treatment plant. The more recent pump lift stations are built of
concrete.

Medium to very high rate corrosion was found at many of the lift stations. Most
of the manholes, wet wells and interior control room walls in lift stations have sulfur
(vellow) deposits. There was.severe corrosion near turbulent areas of the lift stations.
The concrete was corroded and reinforcing steel was visible. Most of the lift stations
have mild to severe corrosion present. Steel sound enclosures over wet wells had to be
replaced by fiberglass buildings. Most of the larger pump stations have fine-mist
scrubber systems. The City tried a hydrogen peroxide dosing system, but it was judged
to be too expensive to operate. A few lift stations have used a ferrous sulfate dosing
system to control H,S. The City also tried packed tower air scrubbers. They were very
high in maintenance. Carbon adsorption systems were also installed on some lift
stations. ' | o

Corrosion of instrumentation and control systems at the lift stations was not
quite as severe as at the plant. This was primarily due to the active preventative
maintenance program imposed by the City. Copper tubing and exposed wiring were
seen to be corroded. All motor control centers and electrical equipment were covered.
23.2 New Orleans, Louisiana
2.3.2.1 Wastewater Treatment Plants

The East Bank and West Bank wastewater treatment plants of the City of New
Orleans were visited to document the extent of hydrogen sulfide corrosion at the

222




facilities. The East Bank plant treats the sanitary ﬂows from downtown and the
northeast part of the City. The plant was ongmally built in 1963 for primary treatment
and was later expanded for secondary treatment in 1980. The original design flow at
the plant was 30 mgd but the facility has been .expanded to handle 122 mgd. A total of
1500 miles of collection system comprised of gravity and: force mains collect and convey
sewage to the plant.- The treatment plant.consist of screens and gnt removal, pure
oxygen activated sludge system and secondary settling. Effluent is drscharged to the
Mississippi River. Secondary sludge is dewatered and then mcmerated "The ash, along
with : screemngs and gnt, are dxsposed ofin a samtary landﬁll

Plant headworks at the East Bank plant had severe corrosion in the screen and
grit basins. Some parts of the grit basins were built in 1963 and were then expanded to
meet the new des:gn flows. Three force mains feed wastewater to these grit basins.
One force main conveying flows from the City has long detention times; and hence the
wastewater is very septic when it reaches the plant. The color of the wastewater was
very dark (black) and was deficient in D.O..

The srde walls of the grit, chamber were severely corroded Appronmately 1to
1% inches of concrete was corroded away at some locations. Severe corrosion was also
observed at the effluent end of the grit box where the wastewater spills into a channel .
which led it to the pure oxygen activated sludge tanks. The grit chambers were installed
with screens on each pass. These screens were in a deteriorated condition. " ‘Many of
the components of the screens had rusted and the metal frames on which they were
attached were corroded along with the concrete below the frames.

Corrosxon of instrumentation and controls was found to be severe at the East
Bank. -plant. Contacts on electrical equlpment were oxrdrzed The plant personnel
replace small items and clean contacts and eqmpment on an annual basis. They
sometimes must take equipment off-line for service and maintenance. As preventatlve
maintenance, they use a light coating of oil, and cabinets purged with cleaned air.. The
plant has entered into an annual preventative maintenance contract. - They allocate two
men 1 to 1-1/2 days/wk for electrical equipment maintenance. The electrical contacts on
indicator lights, pump relays, and ‘contacts operate lntermxttently because of oxidation
problems at the contacts. The instrument control room is fully air conditioned. " Air
cleaning is done through permanganate beads which are replaced every month. The
plant expends srgmficant effort for replacement and mamtenance of the electncal and
instrumentation" components

- The plant does not have any control measures to prevent future corrosion. No -
efforts have been made to rehabllrtate the corroded structures. The plant has a limited .
budget and does not plan to employ rehablhtatron of structures as a correctrve action
untll there is.a faxlure

The West Bank plant serves, the populanon of the western 51de of the Crty of
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New Orleans. The plant was ongmally built in 1971 for a design maximum flow of 15
mgd. The average dry weather flow (ADF) to the plant is approximately 7 to 8 mgd.
The plant is now under design for expansxon to 40 mgd. The treatinent plant consists of
influent bar screens, grit removal, primary sedimentation, high rate tncklmg filters,
secondary sedimentation, chlorine contact and final discharge to the river. The sludge
from the clarifiers goes to a thickener and a vacuum ﬂlter and is then mcmerated The
ash from the incinerator is dxsposed of in a local landﬁll .

The West Bank plant also has severe corrosion at the mﬂuent head box where
the screens and grit chamber are located. Corrosion has degraded the sidewalls on the
grit chamber to a depth of 1 to 1% inches. Again, corrosion was found to be severe at -
areas of high turbulence i.e. at the influent and effluent end of the grit basins. The
metal grating and handrails on the grit basins were also corroded. The wastewater
entering the plant was septic and the dissolved oxygen was -always found to be 0 mg/l
except during heavy rainfalls when the D.O. would increase to 0.2 mg/l. As the plant is
located adjacent to a golf course, there are plans to cover the plant headworks, the
sludge thickener and some other tanks to control odor emissions.

There are no efforts being taken to rehabilitate the degréded structures. No
rehabilitative techniques have been employed to correct the odor and corrosion
problems.

The vacuum filters at the West Bank Plant are located in a building that is -
equipped with a passxve air ventilation system. The mechanical and support parts of the
vacuum filters are in a severely corroded state. The plant had to replace grating over
the filter supports. When the filters are operating, high H,S levels are reported in the
building. There is no corrosion reported at other parts of the plant. Corrosion at
instrumentation and controls is minimal. Corrective action at this plant is based
primarily on minimizing odors which are affecnng the neighboring golf course.

'2.3.2.2 Lift Stations and Collectxon Systems

There are a total of 87 lift stations and 1500 miles of sewers that serve both the
East and West Bank Treatment Plants in the Cxty of New Orleans. The lift station wet
wells are made of brick and concrete. Force mains range in size from 42 to 52 inches
and are constructed of cast iron, steel or concrete. Ninety to 95 percent of the
collection system is 8 to 10 inch diameter pipes. Concrete pipes were laid in late 1930’s.
- There are a few older pipes made of clay. Since the 1970’s, plastic pipe has been used
‘where possible. v

All of the 87 lift stations employed in the collection systems for the East Bank
and West Bank plants are in some stage of corrosion. The older lift station wet wells
were built of brick and are severely deteriorated. The pump base and supports have -
corroded and at some places are on the verge of falling down into the wet well.
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‘ Rehablhtatlon of brick wet wells con51sts of coatmg by gumte The New Orleans
Sewage Board experimented with pump cycle times to minimize detention times and
decrease HZS levels. Continuous ventilation is provided in the lift stations at six air

" changes per hour. . At some places the Board has tried adding ferric chloride but found
 that it forms clinkers in the incinerator at the plant.. H,S levels in the annosphere of-.
‘the wet. wells average appro:nmately 100 ppm. The Board spends around $5.2 million
~ per year for lift station maintenance. About 30 percent of total man hours is utilized .

- for lift station maintenance. Electrical and instrumentation equipment have minor
corrosion problems. New electncal equipment has been installed with clean air supphed
'by treatment through potassium permanganate There is reported to. be more corrosion
in. hft statxon wet wells at the east sxde of town. . :

233 CityotLosAngeles o A
2.3.3.1 Hyperion Wastewater Treatment Plant

‘The plant is desrgned for 400 mgd through pnmary treatment and 150 mgd

" through secondary treatment. - Present day flows are 370 mgd and 200 'mgd, respectively.
- The. ability of the secondary process to handle the additional flow is attributed to the = .
addition of fine bubble diffusers. The headworks, primaries, secondaries and anaerobic
digesters are approxxmately 40 years old. Regulations eliminating ocean sludge dxsposal

- and requiring full secondary treatment, along with population growth, have resulted in

10 years of construction at the plant. The City foresees at least another 5 to 10 years at
the same pace.  The latter mcludes replacement of the existing secondary process with a
‘pure oxygen process. : : _

‘With the exceptxon of the gravrty degntter in the east headworks, all n'ash and

-gnt removal tankage are under cover, making direct observation of corrosion on these

- processes difficult without considerable expendxture of staff. manpower. The covers on
the west aerated- grit chamber effluent channel were small enough to be managed by
one person and were lifted for observation. - Corrosion of the concrete sewer at those
points was observed to be severe, with penetration to at least 12 inches at the water line
~ diminishing to 1 to 2 inches in the closed channel and 0 to 1 inch at ground level of the
~ open tank. The plant carpentry supermtendent in charge of all in-house concrete repair .
indicated the observed areas were typical of all headworks tankage of the same age. -
The cost of these repau's are not segregated from general plant mamtenance costs.

: The extent of corrosion below the water line in both tanks and channels was

described as minor (less than 1 inch) even. in the oldest tankage. All covers (tank and

~ channel) and deck plates are made of alummum, as were handrails, conduit and other
hardware (some stainless steel) ‘No corrosion of these matenals was apparent. ,

_ The headworks processes are all contaxned in bulldmgs The amblent ,
‘ atmosphere of the burldmgs is swept by fans and dxscharged to a collection pomt at the ‘

TR
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suction of the secondary process blowers. Thus a slight negatwe pressure is maintained
in each building. This prevents noxious odors from escaping the plant and with normal
infiltration plus some outside air intakes, avoids the build up of corrosive gases in the
atmosphere of the process buildings. All windows in the aerated grit chamber building
were sealed in order to reduce escape of hydrogen sulfide, even though the tanks are
covered. The few pieces of carbon and galvanized steel found in the buildings were -
severely corroded. This was especially true of steel doors. No maintenance program is
in force for the doors other than repainting when scratched or chipped. The ambient
air removal system piping is fiberglass and most other pxpmg is PVC. Conduit is
aluminum or PVC.

A short section of the force main entering the plant collapsed and was replaced
in 1987. The collapse was attributed to corrosion-weakened concrete pipe combmed ‘
with the ground vibration caused by heavy constructlon eqmpment.

The decision to rehabilitate or replace all or part of the headworks has yet to be
made. There is obvious structural damage in some places and some doubt in the mind
of staff as to the structural integrity of a rehabilitation effort given the frequency of
earthquakes in the area. In either case, PVC liners with concrete slabs will be used in
all channels and the inside of all tankage will be at least coated with coal tar or an
alternative coating material. -

The primary clarifiers are covered with concrete slabs so casual inspection was
not possible. The influent and effluent channels are covered by aluminum plates which
can be easily removed for inspection. Like the headworks, concrete exhibited deep
corrosion penetration from the water line to the surface, with some of the deepest
peneu'atlon (6 to 8 inches) at the surface adjacent to the channel covers. Most of the
corrosion at the top has been repaired by cuttmg back to good concrete, reforming to
the original geometry and grouting. These repairs are recent, and are not covered by
any protective coating. An epoxy-type coating had been applied to the early patches
and began peeling almost immediately, so coating was discontinued. The channels will
be covered with PVC liners. The type of coating for the inside of tank walls and covers
is as yet undetermined. They are in the process of converting from steel to plastxc chain
and from wood to fiber glass boards for the sludge rakes.. The existing pnmanes will be
rehabilitated once new primary construction is complete '

With the exceptlon of anaerobic digestion, the sludge handlmg processes came
on-line in 1985-1986. Ocean disposal of sludge ceased in 1987, and digested sludge is
now either dried and applied to power generation (Carver-Greenﬁeld process) or
dewatered by centrifuges and transported to a Yuma, AZ land application site. Due to
safety regulations for construction’ at the site, the sludge handling facility was off-limits
to visitors. The addition of ferrous chloride (280 mg/) for hydrogen sulfide reduction
after sludge dlgesnon is to control sulfur emissions as opposed to corrosion control

-
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. ~ All instrumentation and control electronic equipment is conformably coated (a

* thin lacquer-like coating applied to circuit boards and components to seal them from

- the atmosphere) in the manufacturing process. This is standard-practice in the: mdustry
for wastewater treatment equipment suppliers. " In addition, all field mounted

instrumentation (sensors, transmitters, etc.) are nitrogen purged. The case of each

instrument is connected to a low pressure mtrogen supply which maintains a slight

positive pressure in the instrument housing to prevent exposure of the components to

. ambient air. Inspecnon of the equipment disclosed no sign of corrosion. All circuit

' boards, contacts, wire terminations and other exposed metal was bnght and shiny. The
annual cost of nitrogen is estimated at less than $3,000. The only sensing elements .
 immersed in hqurd process streams are DO probes. ‘These are newly installed and as
yet have no track record. The control room is isolated from ambient atmosphere by
scrubbing, ﬁltermg, -and ‘air condmonmg No problems were reported or apparent with
these systems.

“Although not as severe, there is ample evidence of concrete corrosion in-
secondary treatment.. The worst is at the aeration basin influent mixing channel where
corrosion has penetrated to the reinforcing steel (2 inches). Other areas of the reactors
have exposed aggregate. Steel hand rails and steel plate on the side of the reactors are
prtted and rusted where chxpped or peeled paint allowed exposure to atmosphere

Smce a new oxygen actrvated sludge system is planned, only those repaus
necessary for the- exlstmg system to remam operatxonal w111 be made

The scavenged air recovered from burldmgs and below tank covers is ducted to
the aeration basin blowers for scrubbing in the activated sludge mixed liquor. This air is
not cleaned by other than conventional blower inlet air filters, nor ‘are the blowers
constructed of special corrosion resistant materials. This has not caused any additional
blower maintenance or reduced the useful life of the blowers. The only unpact is on the
carbon steel linkage that moves the internal gurde vanes and tlns 1mpact is consxdered
mmor by the marntenance staff

2.3.3 2 Terminal Island Wastewater Treatment Plant

The original plant was constructed in 1935 and completely rehabrlrtated in 1977
The plant is designed for full secondary treatment of 30 mgd.  Present day dry weather
diurnal flow. ranges were modified from 5.to 35 mgd, a 7:1 ratio, to 10 to 30 mgd, a 3:1
ratio, by requifing (as part of pretreatment enforcement) local industries to shift
discharges to off—peak hours. Over 50 percent of the ﬂow and 70 percent of the load is
of- mdustnal ongm

With the exceptron of the bar screen, all trash and gnt removal tankage is under

cover, makmg direct observation of corrosion on these processes difficult without
consrderable expendrture of staff manpower. Corrosron -of the concrete. at the bar
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screens was negligible at those points observed, with penetration barely to the aggregate
at the water line. The extent of corrosion below the water line in both tanks and
channels was described as minor (less than 1 inch) in the oldest tankage. All covers
(tank and channel) and deck plates are made of aluminum, as were handrails, conduit
and other hardware (some stainless steel). No corrosion of this material was apparent.
The bar screen frame and sheet metal is of coated (coal tar) carbon steel, which was
severely corroded. Most of the sheet metal has been replaced with sheet PVC. The
frame (% inch angle 1ron) will probably be replaced with stainless steel.

The headworks processes are all contained in buildings. The ambient
atmosphere of the buildings is collected by the suction of the secondary process blowers
(no fans). Thus a slight negative pressure is maintained in each building. This prevents
noxious odors from escaping the plant and with normal infiltration plus some outside air
intakes, avoids the build up of corrosive gasses in the atmosphere of the process .
buildings. The few pieces of carbon steel found in the buildings were severely corroded
including galvanized steel hardware. This was especially true of steel doors. No
maintenance program is in force for the doors other than repainting when scratched or
chipped.

The ambient air removal system piping is fiberglass and most other piping is
PVC. Conduit is aluminum or PVC. '

The primary clarifiers are fitted with aluminum covers. The influent and effluent
channels are also covered by aluminum plates which can be easily removed for
inspection. Plant staff had previously converted from steel to plastic chain and from
wood to ﬁberglass boards for the sludge rakes. Because of problems with the plastlc
chain jumping the sprockets, they are convertxng back to steel chain."

The egg shaped anaerobic dlgesters appear to be in good condmon externally
An external pipe that collects gas for mixing has been replaced with a welded stainless
steel pipe. The sacrificial anodes are replaced routinely as part of the maintenance
program. The motorized valves located on top of the digesters are also being replaced,
but this is because they do not have weather proof housings, although the problem may
have been exacerbated by hydrogen sulfide. The earth ground bonding wire (bare
copper) in this location has almost turned to dust and is being replaced with an
insulated wire. This location is also exposed to winds from the sea, and the corrosion
" observed may be the result of salt air. The elevator at this location is a high ‘
maintenance item, since it is exposed to both sea air and ambient hydrogen sulfide.

The addition of ferrous chloride (450 mg/l) for hydrogen sulfide reduction (10
fold) after sludge digestion is to control sulfur emissions as opposed to corrosion
control.

All instrumentation and control electronic equipment is conformably coated. In
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‘ additxon, all field mounted mstrumentatron (sensors, transm1tters, etc) are mtrogen
purged. The case of each instrument is connected to a low pressure in the instrument B
housing to prevent exposure of the. components to ambient air. Inspectlon of the w
equipment disclosed no sign of corrosion. All circuit boards, contacts, wire terminations.

“and other exposed metal was bnght and shiny. The annual cost of nitrogen is estimated -

" at less than $2,000. The only sensing elements immersed in liquid process streams are

DO probes. These are relatively new yet have performed well to date. The control
room is isolated from ambient atmosphere by scrubbing, ﬁltenng, and air condltxomng
No problems were reported or apparent with thrs system. : »

The scavenged air. recovered from bulldmgs and below tank covers is ducted to .
the aeration basin blowers for scrubbing in the activated sludge mixed liquor. This air is
'not cleaned by other than conventional blower inlet air filters, nor are the blowers "
constructed of special corrosion resistant materials. This has not caused any additional
blower maintenance or reduced the useful life of the blowers. The only impact is on the
carbon steel linkage that moves the internal vanes and this 1mpact is consrdered minor
by the mamtenance staff. =

2.4" Site Visits to Investigate Corrosron Mechamsm

Although many authors have discussed the role of the sulfate-reducmg bactena o

and sulfur-oxxdrzmg bacteria in hydrogen sulfide corrosion, little is known about these
orgamsms or the factors. that may promote or inhibit their growth. To confirm exrstxng

- theories concerning hydrogen sulfide corrosion, gain additional insight into the
, mechamsms of corrosion, and lay a foundation for future work, a multxdrscxplmary field .
_.team was assembled to make observations and collect samples for microbiological, '

* physical, and chemical analysxs from locations in the CSDLAC system and the
. 'Metropolitan Seattle system. The field team included microbiologists who had studied
sulfate-reducmg bacteria, sulfur-oxldizmg bacteria, and mlcroblologlcally- induced '
corrosron, and a structural consultant who had studied corrosxon of concrete

“The ﬁeld program for this work segment mvolved collectmg samples from three
locations'in each of the two sewer systems. Two of the sites in each system were .
locations where corrosion was well established and ongoing. A third site in each system,
where corrosion had not been observed was selected as a control site. Samples of
' ‘,surface deposits were collected from the crown, sidewall, and waterline areas of the plpev

‘at each locatxon, as well as samples of the wastewater. itself for microbial and chemical
analysis.  Samples of concrete were chlpped from the crown and sidewall areas for
- chemical and physwal analysxs »

'2.4 1 Results of Mlcrobial AnalyS|s |

: The microbial analyses showed that alarge and complex mlcroblologxcal
: commumty is present in the wastewater and on the structure walls and crown at the ..

2_-29




L]

locations sampled. Very high levels of aerobes, anaerobes, ac1d-produc1ng bactena, and
sulfate-reducing bacteria were found in most wastewater, sidewall, and submerged
sidewall samples. Relatively large populations of sulfate-reducing bacteria were found
in the bulk wastewater samples. However, CSDLAC slug dosing of caustic has been
shown to suppress sulfide generation for 7 to 10 days after treatment, indicating that the
slime layer is the predominant site for reduction of sulfate to sulfide (1). '

The microbial community of the pipe crown region appears, particularly at
corroded sites, to be significantly different. A much lower level of viable organisms,
including aerobes, organic acid-producing bacteria, and sulfate-reducing bacteria was
found in this region. It is possible that the low pH of corroding crown regions reduces
the total level of viable organisms and selects for the organisms that do Iive there.

The microbial analyses showed, nonetheless, that samples from areas of crown
corrosion in both the CSDLAC and Seattle systems contain large numbers of
acidophilic, sulfur-oxidizing bacteria of the genus Thiobacillus, and probably the species
thicoxidans. Samples from crown areas in the CSDLAC system where reinforcing steel
was exposed also showed the presence of T. ferrooxidans, an iron- and sulfur-oxidizing
bacterium. Samples from the location in the CSDLAC system where wastewater was
being treated with ferrous chloride to control hydrogen sulfide showed fewer T.
ferrooxidans and acidophilic sulfur oxidizers in the crown area than in the corroded
location being slug dosed with NaOH.

Large numbers of sulfur-oxxdxzmg orgamsms that grow at neutral pH were also
found in all samples, mcludmg the wastewater. The wastewater could continuously
inoculate these organisms on the concrete surface. These organisms can oxidize sulfur
and produce sulfuric acid, which would lower the pH of the concrete surface. Lowering
the pH would allow more acidophilic organisms, (e.g., I. thiooxidans, which has a pH
preference of 4.5 to 1.0) to grow. Addmonally, large numbers of acid-tolerant fungi and
yeasts were present in most samples. The role of these organisms in contributing to |
corrosion is not understood. ~

All the sites in Seattle appeared to have similar microbial communities which
included high levels of sulfate-reducing bacteria in the wastewater and in the surface-
associated populations. More variety of specres were observed in the Seattle sites,
however. The sites which had high corrosion rates had very turbulent wastewater flows
which could increase the out-gassing of hydrogen sulfide to the sewer headspace This
is supported by the fact that these sites had high levels of hydrogen sulfide in the sewer
headspace.

At CSDLAC, there were major differences between the control site with low
corrosion rate and those sites with high corrosion rates.

® The amount of moisture on the crown at the control site was low
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compared to the other sites.

e The levels of metals in the sprmghne sample were h1gher at the control v
' site than at the. other sites. ‘ o .

° The average sewage age (the length of time the sewage is in the sewer
‘ system) was less at the control site than at the other srtes :

. o. The levels of sulfate-reducmg bactena at the control sife were 10, 000 times
' lower than at the other sites. ‘

The low level of moisture on the crown at the control sxte certamly would 1nh1b1t
~ both growth of bacteria on the crown and the corrosion reaction. However, even if -

" 'moisture was present, the corrosion rate would be low due to the low levels of sulfate- -

reducing bacteria and hydrogen sulfide. ' The temperature differences are not considered
- sufficient to affect the growth of sulfate-reducing bacteria and Thiobacilli. This leads to
the conclusion that the low levels of sulfate-reducing bacteria and hydrogen sulfide
productlon are responsible for the low rate of corrosion at the control site, and by
implication that the high levels of sulfate-reducing bactena at the other sites are:
responsxble for the high rates of corrosxon. o

* The results of mxcrobxal analysrs support the aecepted theory of hydrogen sulﬁde
_corrosion: produetxon of hydrogen sulfide by bacteria in the wastewater and on the
~sewer wall, followed by oxidation of the hydrogen sulfide to sulfuric acid by bactena on
the sewer crown. However, unanswered questions remam concermng

e The role of acxdophxhc heterotrophxc orgamsms in the corrosxon process

e The minimum sulﬁde levels needed to sustam the growth of sulfur—
' " oxidizing bactena

@  Whether techmques could be developed to mterrupt the mxcrobxal
}pathways of sulfide generahon and sulfunc aad production.

2.4 2 Results ol' Physical Analyses

The samples of concrete collected in the CSDLAC and Seattle Metro sewer
systems were evaluated using standard petrographlc examination techniques and X-ray
; diffraction techmques In addmon, chlonde ion. content was determmed on Selected .

samples : o

Petrographrc examination revealed the presence of corrosion at all six of the
. sampled sites, including the "control" sites. Corrosion at the control site in the -
‘ CSDLAC System was shallow (O 04 to 0.08 mches) and the h1gh surface pH values

}
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measured at this site, as well as observations, indicate that this corrosion may have
occurred in the past. At the remaining five sites, petrographic examination and X-ray
diffraction analysis of samples collected above the waterline showed gypsum deposits
covering a zone of deterioration extending up to 0.5 inches beneath the concrete
surface. Within this zone, the normally crystalline concrete paste showed reduced levels
of crystallinity and an increasingly amorphous nature depending on the extent of
deterioration. ‘This concrete was soft in comparison to non-deteriorated concrete.
Microcracks in the concrete (typical of most concrete) were usually lined with gypsum
and, in some instances, ettringite also. Below the waterline, the concrete samples were
sound. These conditions are considered typical of classical hydrogen sulfide corrosion
of concrete. '

- Determination of chloride ion levels i in the concrete samples mdxcated that, with
the exception of one location in Seattle, chloride levels in the concrete of the original
pipe were below the threshold needed to initiate chloride-induced electrochemxcal '
corrosion of relnforcmg steel. :

The observations at the two control sites point out the difficulty involved in field
assessment of the presence and extent of corrosion. The concrete surface at both
control sites looked smooth and in good condition, and the pipe wall at both sites
- produced a sharp ringing sound indicative of sound concrete when struck with a rock
hammer. However, the surface pH at the CSDLAC site was 4.0, and laboratory
examination of samples revealed that shallow corrosion had occurred, perhaps in the ,
past. At the Seattle Metro control site, surface pH levels were between 1.0 and 2.0, and
laboratory examination indicated that corrosion had penetrated up to 0 25 inches into
the concrete. :

‘2.5  Other Cities Reporting Hydrogen Sulfide Corrosion

Information was analyzed from surveys conducted by the County Sanitation
Districts of Los Angeles County (CSDLAC), Association of Metropolitan Sewerage
Agencies (AMSA), and the Water Pollution Control Federation (WPCF). Results of
the CSDLAC survey are summarized in Table 2-2. Of the 89 cities responding to this
survey, 32 cities (36%) reported sewer collapses. Twenty-51x cities experienced collapses
that were believed to be due to hydrogen sulfide corrosion. Thirty cities (34%) reported
taking measures to control sulfide generation in sewers. Fxfty-s:x cities (63%) had taken
steps to protect pipe from corrosion, or had rehabilitated pipe damaged by corrosion.

The AMSA survey asked if the municipalities experienced hydrogen sulfide
corrosion at the treatment plant. Almost 70 percent of the 61 respondents responded
positively. In addition, 34 percent of the respondents indicated that they were currently
employing techmques to control sulfide generation. Results of the AMSA survey are
summarized in Table 2-3. ' .
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TABLE 2-2 (cont.)

Rockford
Springfield
Urbana

Wichita
Louisville

Jefferson Parish
New Orleans

Baltimore
Glen Burnie
Hyattsville

Boston
Salemr

Detroit
Kalamazoo

Duluth
St. Paul

Kansas City
St. Louis

Omaha

Bayville
Elizabeth
Little Ferry
Newark
Sayreville

SUMMARY OF CSDLAC SURVEY DATA
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' SUMMARY OF CSDLAC SURVEY DATA

* TABLE 22 (cont)

Albuquerque

. 'Las Cruces

~ Albany © -
~ Buffalo

New York City -

Mineola

'North Syracuse - -

- Rochester -

Greensboro

~ Akron
' Cincinnati

Cleveland

Columbus
Dayton
Toledo .

Tulsa

"Hillsboro i}
Portland

Oregon City 7:' »

" Philadelphia -
* Pittsburgh

) Pro‘v’idenée :
Chattanooga
Knoxville .
Memphis -
Nashville

.- State

‘Sewer

D e

o Collapse -

- Sulfide

‘Control

Corrosion

Protection/ - -

" Rehab.

Xv
X

ELL




TABLE 2-2 (cont.)

SUMMARY OF CSDLAC SURVEY DATA

T : “ Corrosion

: Sewer Sulfide Protection/ )
City State Collapse ~ Control . Rehab. '
Arlington TX X
Dallas X X X
El Paso X X X X
Fort Worth X X X X
Houston - X X X
San Antonio X X X
Salt Lake City uT
Fairfax VA o X X

) Virginia Beach VA X X

Seattle WA x  x X
Tacoma WA X : X
Green Bay W1 ‘ ‘ ‘.X
Madison WI X X X

Milwaukee Wl
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In 1989, the Water Pollution Control Federation received survey responses from
1003 wastewater treatment plants in the United States. The survey of "Problem
Technologies and Design Deficiencies at POTW’s" was intended to identify information
needed to improve wastewater treatment plant design and operation. The WPCF Plant
‘Survey database was utilized by this study as a means to determine the source of
corrosion problems at wastewater treatment plants. The survey asked the 1003
participants to rate the level of problems in various areas of the plant and also asked
questions about plant age, daily flow, and methods of operation.

Several questions dealt with the level of corrosion experienced in major portions |
of the plant, as well as the incidence of influent H,S and odors. A summary of the
responses related to corrosion problems is shown in Table 2-4. The approach taken to
determine the source of corrosion was to develop a matrix of responses in an attempt to
correlate the incidence of corrosion to such factors as influent H,S, odors, age and -
recycle streams. : o o

Overall, it was found that 68 percent of the plants surveyed experienced some
level of corrosion within the plant. The same level of corrosion is generally experienced
in all portions of the plant. -For example, if the respondent classified corrosion
problems at preliminary treatment as major but periodic, then the corrosion problems
experienced at the secondary clarifier tended to be rated the same.

The age of the plant does not explain the consistent level of corrosion problems,
in all sections of the plant. When compared to the level of corrosion at preliminary
treatment, the same age distribution was seen for all levels of corrosion. The plants
reporting no corrosion at preliminary treatment are generally over 20 years old and have
had major liquid and sludge train expansions in the last 5 years. The plants showing
some degree of corrosion are between 1-15 years old but have also had train expansions
in the last 5 years. T ‘

As for plant size, the majority of wastewater treatment plants without corrosion
problems in preliminary treatment handle 0.1 to 1.0 mgd (42%) or 1 to 5 mgd (31%)
average flow. The plants exhibiting corrosion are rather large - 34 percent treat -
between 1 and 5 mgd. One interesting finding is that of the largest wastewater
~ treatment plants (>10 mgd), those reporting corrosion outnumber those without
corrosion by almost 7 to 1. The distribution of corrosion severity for each size category
is generally the same, but with a tendency for larger plants to show slightly more severe
corrosion problems. ' : : | /

The recycle of filtrate or supernatant streams from digesters, thickeners and
dewatering equipment does not appear to increase the incidence of corrosion at .
preliminary treatment. The distribution of responses was similar for those plants which
recycled and those which did not. There was also no tendency for an increase in
corrosion with a particular recycle stream. For all recycle streams, the level of corrosion
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is rated as minor periodic.

The primary relatlonshlp of concern to this study is that of influent H,S to
corrosion. For preliminary treatment the survey participants were asked to rate the
severity of problems with corrosion and hydrogen sulfide. The matrix of responses
indicates that for any level of corrosion problem most wastewater treatment plants
generally have minor periodic or no troubles with sulfide. It is also noted, however, that
the majority of plants reporting ma]or continuous problems with H,S also report the .
same level of severity for corrosion.

The severity of odor releases was also compared to the level of corrosion -
problems in preliminary treatment. Of those plants reporting major continuous
corrosion problems, the majority of responses were evenly divided among minor and
major odor problems. Only a few of these plants reported no odor problems.

The matrix of responses for corrosion and odor was s1m11ar to that for corrosmn
and sulfide. It was found that wastewater treatment plants seem to recognize a
relationship between odor releases and the presence of hydrogen sulfide. In general,
the same response to the severity of H,S was also given to the problems with odor '
releases. Approximately 30% of the wastewater treatment plants surveyed reported no
problems with either. :

As part of the selection process for site visits, information was analyzed from 34
cities reported to have hydrogen sulfide corrosion problems. This mformatlon 1s
summarized in Table 2-5. -

Other organizations, manufacturers, and contractors were contacted to gain
additional perspective on the national extent of hydrogen sulfide corrosion. These
entities included the Clay Pipe Institute, National Association of Sewer Service
Contractors, Insituform of North America, Spirolite Corporation, Ameron Corporation,
Sauereisen Cement Co., I..aFa_rge Cement Co., and Specialty Sewer Services, Inc., and
others. Highlights of mformatxon collected from these sources are briefly summanzed
in Table 2-6. B

' Figure 2-1 is a map pinpointing locations where severe corrosion problems are
judged to exist in the sewer system or treatment plant. This is based on EPA site
investigations, surveys conducted by other organizations and the experiences of
professionals active in the field of hydrogen sulfide.corrosion control. This does not
represent all the cities experiencing severe corrosion problems. '

Figure 2-2 is a map which shows the frequency of use of a proprietary, corrosion-
resistant liner for concrete pipe. This type of liner is specified durmg design for
concrete pipes which may be subjected to hydrogen sulfide corrosion. The map does
not represent actual corrosion problems.
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TABLE 2-6

o SUMMARY OF INFORMATION FROM SELECTED ASSOCIATIONS
f MANUFACTURERS AND CONTRACTORS -

Sourece | o S 'v‘*C'ommen‘ts
Clay Pipe Institute ~ ' . From 1950 to 1969, over 154 miles of

severely corroded concrete plpe in 57
cities was replaced with clay pipe, with
.. - . over 5% of producnon tonnage used
‘ e for tlus purpose

Spirolite Corporation * S . o '-Froin 1986 .to 1989, appro'k 20 miles -
o B o g A "~ of sewer was sliplined using Splrohte -
o polyethylene plpe :

Insituform of North America. R Over 100 xmles of large dxameter
L : s ‘ . sewer was lined using cured-in-place .
~ inversion hmng in more than 36 U.S.
cities between 1977 and 1988 .

AN

: Ame'ro.nvC'orp\'eratien ST - From 1947 to 1988, over '900 mi‘les; of
o , . c - sewer pipe in 500 U.S. projects was

specified with T-lock liners to prevent .
* crown corrosion '
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2.6 Case Studies

To gain further msxght into the causes and predrctxon of hydrogen sulﬁde
generatlon and subsequent hydrogen sulfide corrosion, case histories were prepared
from previous evaluations of five wastewater collection systems located in three cities.
The following systems were investigated:

Sacramento County, California, Central Trunk Sewer
Sacramento, California, Regional Interceptor System

City of Lakeland, Florida, Western Trunk Sewer : f
City of Omaha, Nebraska, Papillion Creek Wastewater System
City of Omaha, Nebraska, South Interceptor Sewer

A brief summary of each of the five case studxes is provided below (2)(3)
2.6.1 Sacramento County, California, Central Truck Sewer
2.6.1.1 Descnption and Hxstory

The Central Trunk Sewer conveys both domestic and industrial wastewater and,
for several years, conveyed sludge from two upstream wastewater treatment plants. The
trunk is appro:omately 16 miles long About 2 miles of the upper reach is vitrified clay
pipe ranging from 18 to 24 inches in diameter. The remaining 14 miles is granmc- ’
aggregate reinforced concrete pipe 27 to 60 inches in diameter. The slope varies from
0.18 percent in the upper reaches to 0.05 percent in the lower end of the trunk

The Central Trunk Sewer was constructed in 1962 The followxng is a bnef
hlstory of the system:

® 1964--The entire line was vrsually mspected by County personnel by
ﬂoatmg on rafts through each reach. A powder deposit on the inside of
the pipe was the only evidence of corrosion.

] 1968--Anaerobically dxgested sludge dxscharge to the Central Truck Sewer |
was initiated.

] 1968--The entire pipeline was again visually inspected and samples of
concrete were taken. The pH of the concrete walls was greater than 3.0.
Maximum corrosion at that time was estrmated to be 1/4 inch, and no
coarse aggregate was exposed ‘ '

. 1969--Dr. Richard Pomeroy completed an analysis of portlons of the
trunk. Existing corrosion was estimated to be 1/8 or 1/4 inch. The useful
life of the trunk was estimated to be 100 years. _ ’ .
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® 1972-The County studled the effects of chlorme on sulﬁde generatlon in
" the Central Trunk system. - o | :
e 1972-1973-V1tnﬁed clay plugs were’ mstalled at the manholes in the trunk..
.. Three sulfide control facilities were designed and one was bid.. Due to the
l hxgh pnce of the bid, the sulfide control facxlmes were not constructed

e 1976--The clay plug locatxons were mspected. Slgmﬁcant corroslon was
- evident, and a hydrogen sulfide corrosion study was mrtxated in September A
1976 , ! . '

-

. 1979-Three chlorme m]ectxon stations were placed in service along the
Central Trunk to reduce sulﬁde levels and to minimize further corrosion.

K "1982-83-Sludge dxscharge to the Central Trunk was stopped

.. 1984-The County completed another ﬁeld xnvestlgatxon whlch showed
3 contmued corrosron, but ata reduced rate T,

| . 1984--A 1, 800-t'oot reach of 60—mch-dxameter pipe ﬁ'om the Central Trunk '
~ Sewer was abandoned primarily due to a new ahgnment, and pamally due
to concern about the structural mtegnty of the pxpe |
° 1987-County mspectxon of the Central Trunk showed reduced sulﬁde
- ‘ Jconcentranons and mdxcatxons of reduced corrosron rates. :

2.6 1 2 Summary of Results

_ Average annual total sulﬁde concentrations ranged from appro:dmately 0.5 to 1.5
- mgl ﬁ'om 1965 to 1976, based on weekly or monthly sampling at 12 noon at one ,
' locatlon Average 24~hour sulﬁde concentrations were approxxmately 40 percent higher.

R Corrosxon penetratlon was as much as 1.5 inches at some locatlons in the sewer.
Cores taken from the crowns of the pipes showed that the worst corrosion ‘conditions
' usually exlsted in the ﬁrst 30 ft downstream of the manholes : :

Predrcted sulfide concentratxons £rom the Pomeroy-Parkhurst equatlon were
_compared with measured values. When the effect of sewer junctions was considered,

... the predictive equatlon estimated sulfide concentrations with reasonable accuracy.

Predicted corrosion penetration was also compared with' measured values, and showed
.- an excellent correlation. It was also found that peaking. factors of 2 were justified to
- account for minor turbulence at manholes. Higher peaking factors would be required

where high turbulence levels were encountered to account for the increase m off-gassmg o

" of st
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Dead load testing was conducted ona 12 ft secnon of 60 inch diameter pipe in

1984. The pipe was highly corroded, but reinforcing steel was not exposed. Tests
showed that, although concrete loss had occurred, the pipe strength was still significantly
greater than the original specification for dead load. :

Based on inspections in 1987, the rate of corrosion was reduced from that

observed in the 1970’s due to elimination of sludge discharges and mstallatlon of
chlorination stations. : ‘

2.6.1.3 Findings and Conclusions

1.

The observed corrosion information from 1976 is in general agreement with

- Pomeroy’s corrosion predictive equation, if conservative assumptions are made

and mput data are based on field measurements and momtonng data.

Valid, posmve measurements of the depth of actual corrosion of m-place pipe for
the Central Trunk were difficult. Accuracy of all methods used was less than
desirable.

The discharge of anaerobically digested sludge to the Central Trunk for 14 years
was partly responsible for the higher corrosion rates over those years. Sludge
discharges increased the BOD and the temperature of the wastewater in the
Central Trunk. , '

With removal of the sludge discharges and xnstallanon of chlorination stations
along the Central Trunk Sewer, the sulfide concentration has been reduced in the
1980’s, and the rate of corrosion appears to have dropped sxgmﬁcantly

The Central Trunk is believed to be made from spun RCP It seemed to take
several years before. corrosion penetrated the surface layer of this granitic .
aggregate pipe. Once the hlgh-alkahmty surface layer had been corroded, the
corrosion rate increased, since the alkalinity of the rest of the pipe concrete was
only 16 percent. :

The corrosion information on manholes and structures with turbulent flow
characteristics is parncularly interesting. This information points out the need to
use conservative corrosion rate peaking factors in predicting hydrogen sulfide
corrosion rates within close proximity to these locatxons (wuhm several pipe
diameters).
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: 2.6.2 Sacramento, California Regmnal Interceptor System
‘ 2.6.2.1 Descrlption and History

The Sacramento terrain is qulte ﬂat, and the clnnate features hot summers and
‘mild winters. The collection system extends 20 miles east of the Sacramento River, and

"~ for more than 20 miles north to south. The longest mterceptor, nearly 30 miles long,

- drops less than 200 feet from end to end Several pumpmg stations are. mcluded in the "
: system : C S ‘

| .'The Reglonal Interceptor System is extensrve in scope, w1th a total caprtal cost of
. about $143 million. It was constructed during the period 1975 to 1982, and
. encompasses, about 62 miles of . gravrty sewer, over 25 miles bemg pxpe in the 60- to 120- ‘
- inch diameter range ‘ ' .

» In desrgmng the regxonal mterceptors, a number of passrve measures were
- mplemented : . o , o

1 | Coung Source Control Ordmanc Sacramento County passed an ordmance in
C 1977 controllxng the quahty of mdustnal waste dlscharges into the Reglonal
. System . L ‘ :

2. Calcareous Agar= egate Use of sacrificial calcareous (rather than gramtxc)
' aggregate was specrﬁed for all concrete plpe construcuon

3. Turbulence Control. Junctxon structures ‘were desrgned for smooth transmons to
- nnmmrze wastewater turbulence :

, 4 Lining of Hydrauhc Structure Juncnon structures, and other hydrauhc elements d
S especlally vulnerable to corrosxon, were lmed with ‘plastic (lockmg PVC lmers)

s. Slone/V elocxtv Plpe slope and velocxty were carefully evaluated to hm1t sohds
’ accumulatrons thhm the’ system

-An extensxve study to determxne needed sulﬁde controls commenced in 1974 and
was completed in 1976. Several sulfide control measures appeared feasible from this
- study for use in the Regional Interceptor System.. Except for chlorination, no reliable
- ‘performance ‘'data existed prior to the mid-1970’s for the control measures bemg
considered. To develop this information, a field testing program of several sulfide ,
control measures was undertaken in the summer of 1974 Informanon was obtained for
‘the followmg :

1 Air lll]eCthD in a force mam (mjected at pumpmg stanon) '
C 2. Hydrogen peroxlde injection in a force main
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Oxygen injection in a force main

Chlorination in a force main and gravity sewer
U-tube aeration (air) at the end of a force main
U-tube aeration (oxygen) at the end of a force main

SLpw

For upstream pumpmg statrons, chlorine was selected to provxde control of
hydrogen sulfide generation. However, for a'60-inch diameter and a 72-inch diameter
force main, injection of high purity oxygen into a fall structure was selected as the most
cost-effective alternative. The injection of high purity oxygen enriches the atmosphere
of the fall structure with oxygen to allow entrainment of oxygen through turbulence
induced by the fall, and elevation of dissolved oxygen levels in the wastewater, thus
allowmg oxidation of existing sulfide and preventxon of further sulﬁde generatxon ‘

Attentxon was also focused on the potential problems of solids deposits,
especially during the early years of system operation. Since solids deposits can generate
sulfide, the objective of the design was to eliminate the possibility of solids.
accumulation, or otherwise plan for removal of any such deposmon

The predlcted lack of adequate velocxtres durmg early years of operatlon in
several interceptors led the designers to a decision to construct flushing facilities at two_
locations. In this manner, flows could be greatly increased for a few hours at a time o -
during the long periods of low dry weather flows, ﬂushxng solids down the system of '
interceptors. . .

The Pomeroy-Parkhurst sulfide prediction equations and the Pomeroy corrosion
prediction equation were used extensively during design of all regxonal mterceptors
Many different assumptions were used to determine the best mix of passive and active
sulfide controls to provide assurance of long pipe life (100-year minimum) and lack of
odor problems. :

2.6.2.2 Summary of Results

Chlorine gas is used at upstream pumping statrons and at three locanons along
the Central Trunk. The chlorination stations have been successful in maintaining low
. dissolved sulfide levels (generally less than 0.3 mg/l) at the force main dlscharge pomts

Solids deposition in the mterceptor system has not been a problem Peak wet
weather flows have provided adequate flushing of the lines, and use of the flushing
stations has not been required in the northern portion of the system -

Two oxygen injection stations were constructed and operated at fall structures
(4). In one system, DO concentrations of 13 mg/l have been achieved in the wastewater
at a point nearly 4000 ft downstream of the fall structure. Similar results have been
reported for the other oxygen injection system Dissolved sulfide concentratrons
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: 'downstream of the fall structures are consxstently less than 0.5 mg/l

The pnmary problem with these stations has been that hydrocarbon compounds
are stripped from the wastewater under the turbulent conditions found in these
structures. Explosion meters that monitor the Lower Explosive Limit (LEL) are used in-
" each station. When 25 percent LEL is reached, pure oxygen addition is shut down.

This shutdown event occurs often. In the summer months, 25 percent LEL is reached

on almost a continuous basis. Investigation by the District into the source of the =
‘ hydrocarbons has shown that it may be methane gas generated under the anaerobic

~» conditions in the upstream force mains and gravrty sewers, and wrthm the combmed
sewer system of the Crty of Sacramento.. :

Vrtnﬁed clay plugs were installed at many locanons in the pipe of the Regxonal
Interceptor System to allow future measurement of the corrosion of the pipe

~ . surrounding the plug. The District has had difficulty obtammg measurements from.

_these plugs due to a variety of problems including: -problems in finding the plugs in the .
dark, uncomfortable environment of the sewers, and, if found, difficulty aclnevmg hrghly '
accurate measurements due to the conditions. Collected data have been analyzed and,
in general, indicate that corrosron ! to date is very low

2.6 23 Findings and Conclusions

1 . Although only a few years of momtonng data are avarlable, the mformatxon
suggests that the Regional Interceptor System design, and its sulﬁde control
systems, are: provrdlng the level of protectxon antlcxpated

2 Drstnct momtonng work has conﬁrmed the need for PVC, or other type of non-
corrodible lining material, for all junctions and structures where even limited

turbulence occurs and where wastewater contarns mxnor amounts of dlssolved
sulﬁde .~

3. The lack of accurate measurements on the amount of corrosion in the early years
of operation of the Regional Interceptor System has been frustrating. The level
of accuracy needed is in the range of hundredths of an inch. The level of
accuracy for corrosion measurements needs to be 1mproved.

4 The stnppmg of hydrocarbon compounds in the fall structures has caused
additional safety considerations that were not initially anticipated dunng design.
In the ‘summer, one of the fall structures is now bypassed, and oxygen is injected
in the bypass. This results in satlsfactory oxrdatlon of sulﬁde at the ends of the
two long, large-drameter force mams

5 Solids dep051ts have not been a problem, and do not appear to produce any
sxgmﬁcant sulfide. '

I
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6. Chlorination in upstream force mains has lpevrformed satisfactoﬁly to minimize
sulfide at the discharge points of these force mains. '

7. Data on wastewater sulfide concentratxons and sewer atmosphenc H,S levels have
been difficult to correlate at specific locations in the Regional Interceptor
System. This is probably due to analytical inaccuracy at low dissolved sulfide
concentrations (typically less than 0.3 mg/l), slight wastewater pH variations, and
the degree of wastewater turbulence, all of wlnch are critical to H,S off—gassmg
rates. ‘

8. The operating data from the Regional Interceptor System show that careful and :
conservative use of the sulfide and corrosion predxctxve equations can be of major
assistance in designing long interceptor systems in warm climates to meet
stringent corrosion standards. :

2.63 City of Lakeland, Florida, Western Trunk Sewer
2.6.3.1 Descriﬁtion and History |

The City of Lakeland is a growing community of appro:dmately 66,000
population. Lakeland has experienced corrosion problems in portions of its sewer '
system due to sulfide generation. An engineering study was undertaken in early 1988 to
assess the existing conditions and to develop a plan to renovate portions of the Western
Trunk Sewer.

The Western Trunk Sewer receives wastewater discharges from food processing,
other industrial, commercxal and residential areas. The collection system consxsts of
both force mains and gravity sewers.

The gravity portion of the Western Trunk consists of about 27,300 lineal feet
(LF) of primarily reinforced concrete pipe (RCP) and vitrified clay pipe (VCP) ranging
in size from 24- to 48-inch diameter. There are variable slopes on most reaches which -
cause changes in velocity. Most dry weather velocities are greater than 2 fps, and some
reaches have velocities of 7 fps.

The Western Trunk Sewer was constructed in 1960 and 1961. Lakeland has
rehablhtated or replaced portions of this sewer in recent years because of pipe collapses.
An odor control study conducted by the City of Lakeland in 1987 confirmed high levels -
of H,S gas and high wastewater sulfide concentrations. The City undertook a sewer
system evaluation study to determine the extent of hydrogen sulfide corrosion and
appropriate solutions to correct the deficiencies.
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2.6.3 2 Sewer System Corrosron Evaluation

; The corrosion evaluatlon consisted: of detaxled inspection and analysis of the

" conditions of both manholes and truck sewer. A total of 79 manholes were mspected

Internal television inspections were conducted on- nearly all the gravity portions.of the

* trunk sewer. Core borings of concrete pipe were taken at exght representatrve locations
‘along the trunk. ‘

- In general, the manholes were found to be corroded and in need of
rehabilitation. Seventy~seven manholes had corroded barrels, and 66 had detenorated
frames ' :

In the trunk sewer qstem, all reaches of- remforced concrete pipe. (RCP) had lost

from one to four. inches of concrete due to corrosion. Remforcmg steel was found

* exposed or missing in numerous locations, and aggregate was exposed in all reaches of
RCP. A section of 30-inch diameter ductile iron pipe, installed in 1966, was severely
‘blistered and brittle enough to break by hand. While. the vitrified clay pipes did not -

. suffer from corrosion damage, there were numerous cracks and- leakmg joints in the
lower portlon of that segment; and manhole corrosxon was worse in- the VCP reach.

Predxctlve models were utilized to est:mate sulﬁde generatxon, corrosion rates,
and remaining useful lifetimes of pipes. The model predicted sulfide build-up of 1.5 to -

2.0 mg/l. Recent field data show levels of 1.0 to 1.5 mg/l. Approximate correlation was

shown by the model. Similarly, predicted corrosion rates approximated estimated

corrosion rates based on field measurements. Predicted average corrosion rates were

~ 0.03 to 0.15 inches/year, with peak rates approxlmately double these values. It was

- estimated that, at turbulent structures, corrosion rates could be five times predxcted :

: average rates. This underscores the importance of turbulence on hydrogen sulfide -

ccorrosion, and the difficulty in estimating corrosion rate based on sulfide levels. :

Based on e:hstlng depth of corroslon and 'estzmated corrosion rates, forty-srx' ‘
percent of the RCP was determined to have no remaining useful hfe, and 54 percent ,
was determmed to have a useful life of 1 to 8 years

- Alternatives were analyzed for rehabilitation of the corroded pipe. The followmg
- five methods of rehablhtatxon were con51dered feasible for the Western Trunk sewer:

L ’ Shp lining w1th high- densxty polyethylene pipe (w1th fu51on ]omts or bell and :
-~ spigot: Jomts) or with ﬁberglass plpe (ﬁlament wound or centrxfugally cast)

2 Inversron hmng thh polyester, resm-lmpregnated fabric.

3. Removal of exxstmg pxpe and replacement with one of the followlng
) 1). remforced concrete plpe w1th PVC lmer, 2) ﬁberglass plpe (centnfugally cast)
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designed for direct burial.
4. Parallel replacemenf of pipe using the sarne two op’a'ons listed above.

5. Chemical grouting for specific locations (hmxted on this project to groutmg
structurally sound vitrified clay pipe for infiltration control) .

2.6.3.3 Findings and Conclusions

1. Conditions which contribute to the hlgh corrosion rates in the Western Trunk
Sewer include at least the following: high wastewater BOD, high soluble BOD
fractions, high wastewater temperature, low wastewater pH, variable slopes,

. formation of deposits, use of drop structures, and ex:stence of upstream force
mains.

2. The Pomeroy-Parkhurst sulfide predictive equatxon and the Pomeroy corrosion
prediction equations were used with a series of conservative assumptions for the
Western Trunk evaluation. In domg so, and by assuming that historical system
flows, characteristics and operation were similar to current situations, the

"modeled” corrosion approxxmated the actual corrosion. This tends to indicate
the quantity of sulfide and corrosion expected in similar situations. However, it
also points out that the equations should be used cautiously and with substantxal
conservative assumptions and safety factors.

3. The velocities in the Western Trunk system are insufficient, in some reaches, to
transport the grit and heavier solids. Additional sulfide producuon can be
expected in these reaches due to the ability of high soluble organic and sulfate
concentrations to penetrate mto these deposxts

4. The high likelihood of substantxal sulﬁde generauon in the Western Trunk in the
future was judged to preclude the use of corrodible materials, or at least
minimize use of these materlals, in the rehabilitation/replacement of the Western
Trunk Sewer.

2.6.4 Omaha Nebrasic_a, Papillion Creek Wastewater System
2.6.4.1 Description and History .

Corrosion and odor problems have occurred in Omaha’s Papllhon Creek
Wastewater System over the past decade. The start-up of the expanded Papillion Creek
Interceptor System in the mid-1970’s brought new dischargers into the system, and
substantially increased the transit time of wastewater to reach treatment facilities. The
new Papillion Creek Wastewater Treatment Plant has experienced corrosion and odor
problems which are partly related to mterceptor sulfide problems ‘Safety has been an
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addltlonal problem due to hxgh concentratlons of hydrogen sulﬁde in the conﬁned
. 'spaces of interceptors and ‘treatment facllmes. .

Omaha’s Papllhon Creek Wastewater System has evolved over several decades of ,
growth and urban expansion. It now includes a service area bringing wastewater ﬂows v
over 25 miles to the Papﬂhon Creek Wastewater Treatment Plant (Paplof Plant).

Only the ]argest Papﬂhon Creek mterceptors were evaluated in the 1984/85
corrosxon and sulfide study because these were the interceptors suspected of corrosion
damage. The interceptor downstream from the old Papxo Plant was a primary target of
the study. These interceptors were put into service in the mid-1970’s to transport raw
~ wastewater to the new Papio Plant. This system of interceptors allowed several
‘treatment plants in the Papllhon Creek dramage area to be abandoned '

In 1971, a limited study was completed on potentxal sulfide and corrosion ‘
~* problems in this interceptor system, which was then being. designed. This report made
~ predictions of sulfide levels in the interceptors and conﬁrmed the need for hmng the .
sewer w1th exther sacnﬁcxal concrete or plastxc ,

Between 1973 and the start-up of the new Paplo Plant in August, 1977
, communities and industries were allowed to discharge treated effluent. ‘and, in-some
- cases, raw wastewater to the new Papio Interceptor System. Many odor complaints
from residents living near manholes and structures were received during this period.

. The worst odor conditions_ occurred in the last five miles of the system, where high

'BOD wastes and flows of only a few mgd probably caused very high sulfide productron o
in at least 1974 and 1975 S

Slgmficant corrosion of the unlined outfall portion (last 3 200 feet to the
Missouri River) was noted in 1977. This corrosion was evidently a result of these raw -

-and partially treated flows. The unlined outfall portion of the mterceptor was estimated . - |

to have 1/2-inch. of corrosion in August 1977. Extensive corrosion of unlined manhole
risers in the lower interceptor reaches also occurred prior to 1977 ‘to the extent that
some risers were replaced durmg the mid-1970’s. '

- Odor problems became a ma]or issue in Sarpy County, and the Cxty of Omaha
decided to seal all manhole covers from the old Papio Plant south to the new Papio
Plant in 1975. Little ventilation of the system can occur, and only one siphon has
-~ ventilation stacks. The West Branch has little ventxlatron since manhole covers are
solid. : : , :

Data collected at the ‘Papio Plant show mﬂuent total sulfide levels of 4 to 5 mg/l
from July through February, dropping to between 1 and 3 mg/l durmg spnng months
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2.6.4.2 Summary of Results |

Inspectlon of the interceptor was conducted in 1984. Manhole risers were badly
corroded, in some cases, to over 1 inch. The risers were constructed of concrete with
non-calcareous aggregate. Measured pipe corrosion in calcareous aggregate reaches
ranged from zero to 0.5 inches. At points of high turbulence such as discharge
structures, up to 0.75 inches of calcareous/gramtxc aggregate concrete had been lost over
a 10 year period. ' . .

Use of predlcnve models was unsuccessful in that actual sulfide concentrations at
the Papio plant were double those predicted by the model. The reasons are judged to
be 1) high fraction of soluble BOD, 2) low oxygen content in the sewer atmosphere due
to sealing of manhole lids, 3) need for more conservative coefficients in the predictive
equation. :

The Papio plant, commissioned in 1977, was also inspected for corrosion in 1984.
Corrosion at the headworks was significant, with up to 0.75 inches of concrete lost over
a6-12 year period. Several locations within the plant had little or no concrete cover
remaining. Reinforcing steel was exposed in the sludge storage tank, decant tank, drain
manholes, and trickling filter walls. Hydrogen sulfide corrosion problems were caused by
three basic factors:

1. High sulfide concentrations and low pH of inﬂuent wastewnter

2. Long storage t1mes for sludge and recycle streams

3. Recycle of streams from anaerobic digestion process
2.6.43 Findings and Conclusions

1. The large Papillion Creek interceptors were designed with attention to sulfide
and corrosion issues, and based on 1984 inspection work, most of the interceptor
system was in good condition. Use of sacrificial concrete, coatmgs, PVC linings,
and calcareous aggregate prevented serious corrosion problems in the mterceptor

system.

2. There have been a few specific corrosion problems in the interceptor system.
These include metal gates and aluminum grating which was subjec‘t to destructive
* acid attack. H,S off-gassing from highly turbulent wastewater in certain .
structures has caused corrosion rates that are largely unpredictable. Unprotected o
manholes have been subject to extensive corrosion. _ - .

3. If structural rehabilitation work is required on any of the primary interceptor
structures, costs could be extensive for diversion and rerouting of raw wastewater
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'ﬂows

, 4. Assessment of concrete corrosion rates over nme is chfﬁcult without hlstoncal
P ‘sulfide data and/or historical inspection mformatlon identifying the depth of
. corrosion from the ongmal surface. v ,

A - | Actual sulfide buildup in the mterceptor system seems to be at least tw1ce that )
o ~pred1cted by the Pomeroy—Parkhurst equatron : ‘ :

6. Actual concrete corrosion rates are greater than predlcted in the de51gn for ,
- portions of the interceptor system due to: 1) greater sulfide production than
- planned, and 2) reduction in' pH of wastewater as it travels down the long
anaerobxc interceptor system. :

7. Concrete metal, and mstrumentatxon corrosion in the Papio Plant occurred at .
many locations over the period of 1977 to the mid-1980’s.- The corrosion was
“caused by high wastewater sulfide levels, and high H,S off-gassing rates. High -
dissolved sulfide levels in the wastewater were partrally caused by high. influent
sulfide concentratrons, and partxally by sulfide produced wrtlnn the plant.

8. Solutxons to plant hydrogen sulfide corrosion problems are now mostly m-place ‘
" and ventilation mprovements 'l'he solutrons xmplemented thus far appear to be
workrng satisfactorily. ' :

9. There remains an odor problem at the Papro Plant caused in large part by the '
‘ high influent sulfide levels. High sulfide production in the interceptor system
and high plant influent sulfide concentrations constitute the most significant
- unresolved sulfide issues in the Papillion Creek Wastewater System

2.6.5 Omaha, Nebraska South Interceptor Sewer
L 2.6.5.1 Descrlption and History

-In the late 1950’5, planmng was 1nxtrated for collectlon, dxversmn, and treatment
of raw waste discharges to the Missouri River. By 1965, the system of diversion o
structures, interceptors, pumplng statlons, and primary treatment facilities had been
constructed and placed in operation. The system involves a series of structures along
the west bank of the Missouri River to intercept flows and pump them to the Missouri .
River Wastewater Treatment Plant (MRWTP). The area served by the MRWTP is the
- older and more highly developed portion of Omaha. It contains Omaha’s central
~ business district and industrial centers whlch are located adjacent to, or’ near, the
_Missouri River. . -~ . _ - y ‘

2-57




The South Interceptor Sewer (SIS) is a 4-1/2 mile long force main that brmgs the
majority of the plant flows to the MRWTP. Flow from the SIS is discharged at the
North Inlet. Dry weather flow in the winter is about 20 million gallons per day (mgd)
from the SIS. This flow increases in the warmer months due to infiltration, runoff from
lawn watering, and discharges to the sewer system from drawdown of Carter Lake.

Velocities in the 66-inch diameter South Interceptor Sewer are about 0.7 foot per
second (fps) or less at night and typically average 1.2 to 1.6 fps in dry weather.
Deposition of solids is no doubt occurring under these conditions. Dissolved sulfide
levels in the plant influent are typically 3 to 6 mg/l during warm months.

Additions to the MRWTP completed in 1980 included covering open tankage at
the North Inlet, as well as other locations throughout the plant. Fans were installed to
exhaust foul air from under most of these covered areas and scrub it in chemical mist
units prior to discharge to the atmosphere. The City has not found the chemical
scrubber at the North Inlet to be effective, and does not use it. Hypochlorites and
permanganate solutions were attempted in the scrubber with little success. The covers
have remained in place, but the ventilation system is not used, since very high H,S
concentrations would be discharged to the atmosphere. Corrosion of the concrete is
occurring faster since installation of the covers, due to high levels of hydrogen sulfide in
the atmosphere of the tanks and channels of the North Inlet. Gaseous hydrogen sulfide
levels under the North Inlet covers have reached the 50 to 300 ppm range during

- summer and fall months.

In 1984, a study was mmated to evaluate odor and corrosion problems in the
South Interceptor Sewer and at the Missouri River Wastewater Treatment Plant. The
results are summanzed below.

2.6.5.2 Summary of Results

Hydrogen sulfide corrosion has occurred at a number of locatmns in the
MRWTP, but the North Inlet is the location where the problem is most apparent at this
time. Besides the North Inlet, concrete corrosion has occurred. at the South Inlet and in
various wastewater channels and boxes prior to, and followmg, primary clarification.
Corrosion in foul air ducts from the biological filters has also occurred, as well as
corrosion in the anaerobic digestion portion of the plant.

Inspection work in 1984 showed that concrete spalling was occurring above the
water line in the Parshall flume area and in other channels. The worst corrosion was at
the drop structure where at least 1/2- to 3/4-inch of concrete was estimated to have
become corroded from walls and structural support members. Most of this corrosion
probably occurred in the 1980 to 1984 period after the tanks were covered. No
reinforcing bars were exposed. Metal corrosion at gates was also significant. In the bar
screen building, continued corrosive environmental conditions had deteriorated many
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metal components, and the exposed electncal and mstrumentat:on equlpment had
suffered 1rreparable damage '

‘The recommended approach to sulﬁde control at North Inlet was as follows

1. Reduce the high sulfide-and H,S concentratxons through sulﬁde control methods
'+ 'in the South Interceptor Sewer o | -

2 'Leave the covers in place at the North Inlet and mplement 1mproved ventilation ' -
and odor scrubbing to reduce corrosrve atmospheres and treat. resrdual H,S and
_ other odorants more rehably

- 3.  Once 1mproved venulatlon and HZS control i$ in place, conduct structural
. rehabihtauon and replace equlpment as necessary

: E Alternatrves evaluated for the SIS included chlonnatxon, iron chlonde addmon .
- upstream from the plant, and caustic slugging. Costs favored caustic slugging, although -
the performance was not expected to be as consisteént as other alternatives. Full-scale,
testing of caustic slugging was undertaken in late 1984 to conﬁrm its effecuveness and

. define costs more accurately

- " The’ objectwes of a caustxc m]ectron program is to macuvate sulﬁde—producmg
o bactena which grow in the slime layer on the walls of the pipe. High pH (12'to 12.5 -
and above) is toxic to these bacteria, and interim application of a strong alkaline.

solution has proven effective in depressmg sulfide production within sewers. The test
program was successful, and the:technique has been used on the SIS each summer since -
. that time. = Caustic sluggmg is effective for reducing dissolved sulfide levels in the plant
influent from over 3 ‘mg/l to an average of 0.4 mg/l. In 1985 the City spent $44,000 « on
17 truckloads -of caustic, estimated to elrmxnate 47,000 pounds of sulfide. In the
summer of 1988, the effectiveness of caustic slugging was reduced. This was believed to
be due to the dry weather conditions which led to higher wastewater strengths, and =
- lower velocities and greater solids deposition in the SIS. Ewdently, the caustic slug is
. unable to penetrate sludge deposrts and inactivate the bactena '

"The Clty is currently evaluatmg alternatrves to caustxc sluggmg for control of |
sulﬁde generatxon m the South Interceptor Sewer : :

7'2.6 5.3 Findmgs and Conclusrons

‘1., : Slgmﬁcant corrosion and odor problems have occurred at the North Inlet, due to

- sulfide productxon within the SIS. Attempts to control the odor problem in 1980

by covermg tankage and scrubbing the foul air resulted in worsening of the =

+ corrosion problem due ‘to failure of the odor scrubbmg system, and subsequent ‘
o shutdown of the vennlatlon system ‘
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2. Rapid rates of corrosion can be expected for concrete and metal exposed to the
high H,S concentrations (50-300 ppm) and moist environment which exist
beneath the covers at the North Inlet. The life of some of these facilities appears
to be 10 years or less under the severe conditions which have existed in the
1980’s. The high H,S concentrations constitute a safety hazard.

. 3. . Caustic slugging has prov1ded a cost-effectxve reduction in hxgh sulﬁde
concentrations from the SIS since late 1984 when it was initiated. Its
performance is variable, pnmanly because of the solids deposition problem in the
SIS, caused by low wastewater velocities. Atmospheric H,S levels beneath the
primary clarifier domes have dropped from over 50 ppm to below 10 ppm.

4. Other sulfide control methods are likely to be more reliable and have better
overall performance than caustic slugging; however, the costs for other control
methods appear to be substantially higher than caustic slugging.

5. The low velocity and resulting deposition problem in the SIS is likely to continue
to plague attempts at reliable sulfide control in this pipeline. Velocities of about
4to5 fps are needed on a regular basis to scour grit deposits from a force main
of this size. The periodic scouring of the SIS causes considerable solids loading
fluctuations to the MRWTP which may affect treatment performance

6. The City, with the use of caustic slugging, has mplemented the first phase of a
program to solve the sulfide problems at the North Inlet. Substantially more
work is needed to restore the North Inlet to a sound, safe, and acceptable
condition. )

2.7 Hydrogen Sulfide Corrosion in Other Countries

Hydrogen sulfide corrosion has been reported in the literature of many countries
including France, Germany, Italy, United Kingdom, the Netherlands, Denmark,
Czechoslovakia, Iraq, India, China, the Soviet Union, Japan, Saudi Arabia, Kuwait,
Egypt, South Africa, Venezuela, Brazil and Australia. This observation is based on a
series of literature searches conducted for EPA in 1982 and 1988 on the subjects of
odor and corrosion in wastewater wstems

Several severe cases of hydrogen sulﬁde corrosion are bneﬂy summanzed below

(5)(6):

1. Venezuela: Reinforced concrete pipe was corroded to a depth of 2.8 inches
within eighteen months of construction in an-area downstream from the
discharge of a force main. Vitrified clay pipes used in the same system were not
affected. '
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Caxro, Egypt. As early as 1920 hydrogen sulfide corrosion of sewer pxpes was |

..+ recognized as a problem in the Cairo system. By 1922, in spite of aeration and
" regular flushing, the crown of the original main outfall sewer, 60 inches in -
- diameter and made of local cement concrete, was corroded to a depth of 3.9
_inches over a length of 8 miles. By 1930, the depth of corrosion had increased to
5. 9 mches, nearly half the tlnckness of the plpe ‘

Baghdad, Iraq A system of reinforced’ concrete mterceptors was put in
operation in 1963, and by 1977 the maximum depth of corrosion in extended
sections of the interceptors varied from three to four inches at the crown where

- reinforcing steel, which was designed to be protected by a two-mch concrete’

cover, was exposed and had corroded away in places. The walls were also

.damaged to a depth of two inches and the access manholes showed severe
- - corrosion. The rate of internal corrosion was estimated at 0.3 mches per year
* which would have led to a critical situation in appro:nmately 15 years. |

Rehabilitation had begun in certain sections of the system, and new extensxons ]

'have been made with PVC or ﬁberglass-rernforced plastxc lxnmg

Singapore: The sewer of concern was 71 mch diameter concrete prpe rnternally

lined with 0.5 inches of high alumina cement mortar The line was over 1600 .ft " -
long with a design capacity.of 81 mgd." The sewer was commissioned in 1961.

* This. portion of the line received almost entrrely pumped sewage much of whrch '
0 was pumped more than once. ' ,

"Inspectxons since- 1970 revealed extensxve and contmumg hydrogen sulﬁde

o corrosion. The high alumina lining was completely corroded away or reduced to

.28

a soft past-above the waterline. Corrosion in some areas had proceeded toa :
depth of over 1 S inches, and had gone beyond the. reinforcing steel, in less than -

15 years

Several rehabxlltatlon optrons were under consxderatlon mcludmg shphmng thh
glass-remforced polyester or high-density polyethylene, installation of corrosion-

‘resrstant panel liners, and cured-in-place inversion liners.

Conclusrons

yAttempts to gam a thorough understandmg of the seventy and extent of

- hydrogen sulﬁde corrosion problems in U.S. were thwarted by the lack of historical data
on sewer corrosron, the lack of a standardized techmque to measure corrosion, and the -
- poor documentation by municipalities of sewer corrosion and the expenditures for sewer“ )
rehabilitation or replacement. Upon review of mformatron gathered the followmg
fﬁndmgs and conclusions are presented '

. ‘- % ‘_Severe hydrogen sulﬁde corrosion *problems ~are‘"not liirxited to CSDLAC. (
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Extensive corrosion damage requmng immediate repair or rehabrhtatlon
has been observed in sewers in other cities. In some cases, corrosion
damage is so extensive as to compromise the structural mtegnty of the
plpe, which could lead to collapse.

Hydrogen sulfide corrosion problems in operating systems are often not
recognized early enough to take corrective action before considerable
damage has occurred.

In a 1984 survey, approximately 30 percent of the 89 cities reported sewer
collapses that were judged to be due to hydrogen sulfide corrosion.

In two mdependent surveys, 60 to 70 percent of the munrcrpahtles
reported hydrogen sulfide corrosion at their wastewater treatment plants.
Of those plants experiencing corrosion, about 20 percent are considered to
have severe problems. :

Hydrogen sulfide corrosion probIems have been documented in the
literature of at least 20 foreign countries.

Due to lack of historical data, corrosion rate is estimated based on depthl |
of corrosion and age of pipe. This may not reflect the true corrosion rate,
which may be substantxally hlgher at a given time and condition.

No entities other than CSDLAC had sufficient data on corrosron rate to
establish whether the rate of corrosion had changed over time‘. '

Due to changing alkalinity i in spun vs. cast concrete pipes, corrosron rate
can change over time.

Evidence of severe corrosion may be found in cities throughout the United States
and other countries. Cases of "high rate” corrosion are also common. However, at this
time EPA has been unable to document other cases of "accelerated" corrosion of the
type that has been experienced in the sewers of CSDLAC
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3.0 EFFECTS OF mnus'mm PRETREATMENT |
3.1 Overview

Sectxon 522 of the Water Quality Act of 1987 requlres EPA to smdy the ‘extent
to which 1mplementat10n of the categorical pretreatment standards will affect hydrogen
~ sulfide corrosion in wastewater collection and treatment systems in the United States
~ (U.S.). EPA’s industrial pretreatment program regulates the discharge. of certain
constituents such as metals and toxic materials into municipal sewer systems. The
County Sanitation Districts of Los: Angeles County (CSDLAC) xmplemented industrial
‘pretreatment standards in 1975-1977 to meet ocean discharge requirements, and -
additional controls starting in 1983 to comply w1th the EPA-mandated mdustnal
pretreatment program

Metals and other constituent levels in CSDLAC wastewater dropped substantxally ‘
between the early 1970’s and the mid 1980’s as.a result of implementation of these -
industrial pretreatment programs. A concomitant rise in both. total and dissolved sulfide
" ‘levels in,the wastewater occurred over this same time period. Further, CSDLAC '
L observed an increase in the rate of corrosion in their concrete sewers. v

Two hypotheses have .been set. forth to explam increased corrosion rates in
,CSDLAC sewers due to. the reduction in levels of metals. The first is that at the higher
levels of metals, a significant amount of sulfide was rendered insoluble in metal-sulfide
compounds, reducing the amount of dissolved H,S available for release to the sewer _

- atmosphere. The second is that the higher levels of various metals and other:

‘compounds in the wastewater had a toxic effect on the sulfate-reducing bacteria
responsible for the generation of sulfide. When the metal concentrations were
. significantly reduced, the sulfate-reducing bacteria flourished, increasing' sulfide levels in

. the wastewater, which generated more dxssolved H,S. Both phenomenon would increase

.the amount of H,S available for release to-the sewer atmosphere, and subsequent
~ corrosion of the sewer crown due to mcreased sulfuric acid production. ‘

A thorough search of the hterature and contacts with municipalities throughout
the U.S. revealed that no data existed from other cmes to show a correlation between L
. lmplementatxon of industrial pretreatment standards and increased sulfide generatlon :
‘and corrosion. Municipalities simply -do not have historical data on corrosion rates or
sulﬁde levels that would allow establlshmg a correlatxon such as was found in CSDLAC.
, Gwen the unavallabxhty of full-scale data to support the theory proposed by
CSDLAC the study ob]ectxves were determmed to be as follows :

| 1. Investlgate the theoretxcal unpacts of metals on sulﬁde levels

2. Revrew and analyze research conducted or supported by CSDLAC
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3. Compare metals levels of CSDLAC with other cities to assess whether
other municipal sewerage systems could potentially experience a similar
‘phenomenon (decrease in industrial wastewater constituents and increase
in corrosion). '

4, Review data from site visits to industrial cities to determine if corrosion
rates differed in sewers with high industrial contributions vs. those with
predominately residential contributions. '

5. Review other potential inipacts of implemehﬁng pretreatment standards.
32  Theoretical Impacts of Sulfide Reaction with Metals

It is well known that many metals "bind" with sulfide to produce a precipitate
which is insoluble, effectively preventing release of hydrogen sulfide gas to the sewer
atmosphere and preventing formation of corrosive sulfuric acid. As discussed in Section
4, salts of metals such as iron and zinc are routinely added to wastewater to prevent
odors and corrosion associated with hydrogen sulfide. | :

The weight of metal required to precipitate a given weight of sulfide can be
predicted theoretically using chemical reaction equations. Table 3-1 shows the probable
precipitation reactions of metals with sulfide in wastewater devoid of oxygen. Based on
the stoichiometry of the reactions, the necessary concentration of each metal required to
precipitate 1 mg/1 of sulfide has been calculated. The last column shows the inverse of
this value, or the theoretical concentration of sulfide that would be precipitated by 1
mg/l of metal. However, in wastewater containing a complex mix of organic and
inorganic compounds which'interfere with such reactions, the amount of metal required
to precipitate a given weight of sulfide may be much greater than what would be
predicted from the equations. : '

Table 3-2 shows the thegpretical stoichiometric increase in dissolved sulfide
concentration based on the reduction in metals concentration experienced in CSDLAC
between the periods 1971-1974 and 1983-1986. The total theoretical increase in '
dissolved sulfide due to reduced availability of metals to precipitate the sulfide is’

- approximately 4 mg/l. The measured increase in dissolved sulfide during that same
~ period was approximately 1 mg/l. |

Reduction in iron alone accounts for 69 percent of the theoretical increase in
sulfide. Zinc accounts for 16 percent, and chromium 10 percent. ‘The reduction in
these three metals accounts for 95% percent of the theoretical increase in dissolved
sulfide levels. o S

Because of its toxicity, chromium is not used for sulfide control. However, data

are available on dosage requirements for iron and zinc to precipitate sulfide that are
. - ,
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TABLE 3-1 |

PROBABLE METAL SULFIDE PRECIPITATION REACTIONS
' IN WASTEWATER DEVOID OF OXYGEN :

Theoretical mg/l - ‘ ‘

- of Metal to : Theoretlcal mg/]
, o o Precipitate. =~ of Sulfide Precxpltated
‘Reactions " ] - 1 mgi of Sulfi de i by 1 mg/l of Metal

Fe'+s* —> FS 1@, 057
Zn*? £ St . —S> ‘ 'znsn“i C | 2,04; S | . 0.49
Ni?eST 0 —> NS .18 055
cdt4+s? —>  cas o 3s1 028
Pb?+§? . —> . PS. 648 015
Cutt+S§*  —> cws 397 . . . 025

oSt —> . as .. 18 . 06l
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TABLE 3-2

THEORETICAL INCREASE IN DISSOLVED SULFIDE
BASED ON METAL PRECIPITATION' LA COUNTY

- Theoretical | Expected

Reductibﬁ Increase in Dissolved Increase Based
Metal in Metals Sulfide Concentration® on Field Studies®
mg/l v mg/1 L "mg/l

Chromium 0.68 . | 0.42 o -
Copper 0.38 ; . | | 0.10 ’ -
Lead 0.17 B o3 - -
Zinc 134  oe 006-01
Nickel 0.14 ~0.08 o L )
Iron - a2 o 28 0107
Cadmium 001 Y R -

TOTAL | 42 .

! Difference in average values for the penods 1971 - 1974 and 1983 - 1986.
2 Based on stoichiometry of chemlcal precxpatxon reactions - '

* Based on field dosages required to precipitate dissolved sulﬁde
LA County research data.
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useful to estxmate the actual mcrease m sulﬁde levels that mlght be expected by
reductxon in. metals : .

Studies by CSDLAC in 1985-1988 on the use of iron addmon to control sulfide
showed that when the dissolved sulfide levels were between 1 and 4 mg/l, a dosage ratio
- of six to seven parts iron to 1 part dissolved sulfide was required to achieve 90 percent
removal. When the dissolved sulfide was less than 1 mg/l, a dosage ratio of 44 to 1 was
. required (1). The theoretical dosage ratio is 1.7 to 1. Thus, four to, 25 times the

‘theoretical dosage was required for iron. Other studies conducted in 1971-1972 in
CSDLAC have showed that five to seven t1mes the theoretlcal dosage is requlred to
remove sulfide usmg zmc ~ : T

Based on this analysxs, it is possible that the reductlon in metals experienced by.
CSDLAC could account for some portion of the observed increase in dissolved sulfide,
‘considering that iron and zinc can account for between 0.2 to 0.8 mg/l of the increase in

~ dissolved sulfide. However, it is unlikely that precxpxtatxon could account for all of the
. measured increase in dissolved sulﬁde (over 1 mg,/l) in CSDLAC wastewater. . '

During. the penod 1971 to 1986, total- sulﬁde increased from 0.4 mg/1 to 3. 0 mg/l

- and dissolved sulfide from 0.1 mg/l to 1.4 mg/. If sulfide precxpttanon with metals was
- the only mechanism, the fraction of dissolved sulfide would i increase, but the total

- sulfide level would remain essentially constant as metals were reduced. This is because
.the insoluble metal-sulfide precipitates are still detected in the total sulfide test.

- However, research by Pomeroy found that when iron was added to wastewater

~ . containing sulfide, a reduction in-total sulfide was observed: Two explanations were.

- suggested. . The first is that one of the products of the reaction is iron disulfide, which
when treated with acid in the sulfide test, forms H,S and elemental sulfur. Elemental

* sulfur is not measured in the test. ‘The second is that the iron may act as a catalyst to
- oxidize sulfide to a product which is not detected in the sulfide test (3). Thus, it is
unlxkely that chemical precipitation or the presence or absence of iron could account for .
‘the increase in total sulfide between 1971 and 1986

3.3 ' Biologlcal Inhxbmon by Metals and Toxxc Compounds

CSDLAC has conducted m-house expenments to 1nvest1gate mhibltlon of -
mlcrobxal sulfide generation by constituents present in wastewater. In addition,
' CSDLAC is partially funding research at the University of Arizona to investigate the
 toxic effects of metals on the sulfide-oxidizing bacteria Thiobacilli, which are Tesponsible
for the production of sulfuric acid on the sewer crown. Other research at the University
of California at Los Angeles funded by CSDLAC has considered the effects of metals
concentratxons 'on both sulfate-reducmg bactena and sulﬁde-ox:dtzmg bacteria.

‘ * The first in-house experxments conducted by CSDLAC were bench—scale
) laboratory studles deSIgned to determxne the acute tox1c1ty levels of selected metals and
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cyanide on sulfate-reducing bacteria. Growth medium for sulfate reducers was dosed
with varying concentrations of metals and cyanide. Tubes were inoculated with primary
effluent containing the sulfate-reducing bacteria and incubated for three weeks. The
tests involved dosing with individual metals and cyanide as well as with a stock solution
containing nickel, chromium, zinc, copper, lead, cadmium, and cyanide in ratios
approximating that in sewage to determine if a synergistic effect existed.

Table 3-3 shows the results of the expeﬁinent with the inﬂividﬁal metals and
cyanide. Copper was the most toxic at 6 mg/l, while cyanide was the least toxic at 50-55

mg/l(4).

The stock solutions containing the mixtures of metals and cyanide were added to
the tubes at various dilutions to simulate total constituent concentrations of 1, 5, 10, 15,
20, and 25 mg/l. The distribution of constituents was as follows: nickel - 6.2%,
chromium - 20.4%, zinc - 44.3%, copper - 13.3%, lead - 6.6%, cadmium - 0.7%, and
cyanide - 8.5%. The results of this experiment showed that growth was completely
inhibited at a total constituent concentration of 10 mg/l, but was not visibly affected at a
concentration of 1 mg/l. At 5 mg/l, growth was notably retarded. A synergistic effect
apparently existed when the combination of metals and cyanide were added to the
growth medium. _ : ‘ : : : '

CSDLAC performed a second experiment using column tests to determine on a
larger scale how changes in wastewater metal concentrations affect the generation of
sulfide. The testing was carried out at the Joint Water Pollution Control Plant
(YWPCP) in Carson, California. : ' o D

The test apparatus consisted of three 8-inch diameter, 6-feet high, polyvinyl
chloride (PVC) pipes that functioned as test columns. The characteristics of the
columns are shown in Figure 3-1. Each column was filled with 4 feet of hand-cut
polystyrene cubes measuring 1.5 inches on each side. This provided a substrate for the
attached growth of sulfide-generating bacteria. Primary effluent from the JWPCP was
pumped through each column at a rate of 0.75 liters per minute at a temperature of
80°F. One column was used as a control while solutions with known metal
concentrations were added to the influent of the other two columns. Dissolved sulfide
and total sulfide levels were measured at the influent and effluent ends of each column.
After each solution was tested, all the columns were cleaned, the polystyrene was
replaced, and the system was flushed. As of April 1, 1989, seven different metal
solutions had been tested. : '

The first of the seven trials was performed with a cocktail of chromium, copper,
zinc, and cyanide. The feed rate of the cocktail was controlled so that the ‘
concentrations of metals in the wastewater approximated those of the early 1970°s. The
second trial was performed with five times the concentration of metals and cyanide in
the wastewater. In the remaining trials, chromium, copper, nickel, and cyanide were
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TABLE 33

_TOXICITY OF WASTEWATER CONSTITUENTS ON SULFATE-REDUCING BACTERIA®

‘ .Comgiognd~' | ) 'To:dc‘Com;. mg[!r -
Coper s
Chromium | -; B 23
Zine s

_ Cyanide o s0ss

~ In-house _experini¢nt éqnducted' by CSDLAC
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each tested separately at wastewater concentrations approxxmaﬁng those of the o

S _early 1970°s. The target concentrations for the trials are hsted in Table 3-4.

4

, Results of the column expenments are summanzed in Table 3-5 and 3 6
Exammatron of the data yields several pertinent conclusions. Clearly, when the = A
"cocktail” of metals and cyanide were added at five times the 1971-1974 concentratxon,
sulfide generation was significantly inhibited. These results are supported by bench -
'scale studies at the CSDLAC laboratory which showed that inhibition of sulfide-
reducmg bacteria requires metals concentrations much hlgher than that observed in

L wastewater. However, the concentration of metals causing sulfide generation ‘inhibition

in these pilot scale studies cannot be used to predlct the mcreased levels of total and
dxssolved sulfide observed by CSDLAC in thexr sewers. :

. Of greater srgmﬁcance is the comparison of performance when the cocktall"
contammg metals and cyamcle was fed to the columns at the 1971-1974 levels. Total |
~ sulfide concentrations in the effluent. from the control column and test column were
16.6 mg/l and 12.4 mg/l, respectively. Dissolved sulfide levels were 13.5 mg/1 and 9.7
- mg/l for the control and test columns, respectxvely A ‘statistical analysis was conducted

* .of the data'from the experiment in which metals and cyanide were added at the 1971-

1974 levels, assuming identical influent ‘metals concentrations in both control and test
columns. The analysis mdxcated that at a 0.01 level of significance (highly sxgmﬁcant) |
. the total and dissolved sulfide concentrations in the effluent from the control columns _
- were higher than the levels in the effluent from the test column. Further, it was ‘
- determined that, at the 90% confidence level, the actual difference in effluent total .
sulfide concentrations was between 2.8 and 5.6 mg,/l For efﬂuent dlssolved sulﬁde, the
actual difference was between 2.7 and 5. 1 mg/l * \ '

, Based on the dlﬁerence in sulﬁde levels in the efﬂuent and mﬂuent for both the |
fcontrol column and the test .column, CSDLAC staff prepared Figure 3-2 showing the .
percent change in sulfide generation upon addition of metals and cyanide. At the 1x

| " levels (corresponding to the early 1970’s), generation of total and dissolved sulfide was
. reduced by 34 percent. At the 5x levels, generation of total and dissolved sulfide was

. reduced by 114 and 106 percent, respectively. Interestingly, addition of zinc alone at the" :
1970’s levels resulted in reductron of sulfide generanon by approxlmately one thlrd :

Another pllot study conducted by CSDLAC involved the constructlon of two 3/4-
inch .diameter, PVC "force mains,” each 150 feet.in length. One served as a control
pipeline, receiving primary effluent, and the other served as a test pipeline receiving a

"cocktail" of metals and cyanide similar to that used in the column expenment. One
difference in the feed material to the pipeline pilot system was that iron was also.
~ included in the metals cocktail at a level approximately that of the early 1970’s (10.7
'mg/l). Only the 1x levels of metals and cyanide were used during the pipeline - -
expenments Flgure 3-3isa dlagram of the plpehne pilot plant system.
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TABLE 3-4

CONCENTRATION OF AGENTS ADDED TO UPFLOW PACKED COLUMNS (5)

1971-74
Agent Concentration
mg/l
Chromium 0.92
Copper 0.60
Cyanide 0.32
Nickel 0.285

Zinc 2.17

1987

‘Concentration

mg/l
0.178
0.18
0.02

0.087

0.60

o Ix
Concentration
mg/l
1.00
0.50
0.40
0.25

2.00

5x
Concentration

mg/l
5.00
2.50
2.00

2.25

10.00
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| TABLE 3-6

COMPARISON OF CONTROL AND TEST COLUMNS’ SULFIDE GENERATION;’
. UPFLOW PACKED COLUMNS (5)

EFFLUENT MINUS INFLUENT SULFIDE ' PERCENT CHANGE
Control , : Test Control vs. Test

Additive DS TS ps. TS ps - TS

mg/l mgl mg'l.lmg/l.‘ %' - %

1x Mixture 62 71 a1 47 30 340
5x Mixture s1 64 . 03 09 1060 -1140
Cyanide 61 68 82 9.8 M0 w0
Chromium (VI) s2 'ss  so s6& 40 3.0
Nickel &6 90 77 13 00 -190
Copper o6 90 Y 04 20 40
Zinc 89 88 | 61 59 - =320 330

Chromium (1II) 58 13 79 85 360 160
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Tables 3-7 and 3-8 provrde the results of the expenment. At the 1x metals and
-cyanide dosage without supplemental iron, the generatron of total and dissolved sulfide
- was reduced by 36 to 25 percent, respectively. When iron was added to simulate

concentrations in the ‘early 1970’s, total dissolved sulfide generation was reduced by 51
‘and 77 percent, respectrvely These results are deprcted graphlcally in Figure 3-4

' The results of these expenments strongly suggest that the generation of hydrogen
‘ sulﬁde in the wastewater of CSDLAC was suppressed due to the presence of '
" constituents associated with industrial discharges of the early 1970’s.  Higher levels of
sulfide in ‘the wastewater would be expected to result in higher concentrations of

- hydrogen sulfide gas in the sewer atmosphere and higher sewer corrosion rates.
However, the relatxonshlp between wastewater sulfide levels and corrosion. rate is not

T well established. :

- 34 Companson of Metals at CSDLAC wrth Other Clties Before Pretreatment

J Usmg avarlable data, pre-1975 levels of metals and cyamde entering the main
CSDLAC wastewater treatment plant were compared with levels in the wastewater of

. other municipalities across the U.S.. Data were analyzed for 50 cities from the. EPA

. report, "Fate of Pnonty Pollutants in Publicly Owned Treatment- “Works"(6)(7)- These’

data were collected in 1978-1979 prior to any significant implementation of industrial -

pretreatment standards. The fifty cities typically had estimated industrial flow

contributions ranging from ten to fifty percent of the total flow. Analysis of these data

allowed determination of the number of cities with metals and cyanide levels similar to

those of CSDLAC prior to pretreatment, and ‘assessment of whether other cities may

have had the potential to experience suppression of sulﬁde generatron and corrosion

- due to the presence of these constrtuents

f .

v Table 3-9 shows a rankmg of the 50 cities plus CSDLAC based on the

" concentrations of selected metals and cyanide in the wastewater. This was developed

from the sum of the equivalent weight concentrations’ of each of the constituents, and

does not account for the relative toxicity of the constituents on sulfide-producing

bacteria. Of the 50 other municipalities, only three (six percent) are ranked higher than

- CSDLAC, while 47 (94 percent) are. ranked lower. The total concentration of metals - -

and cyanide in CSDLAC wastewater was approximately three times the' median

concentration for the 51 cities. Table 3-10 shows the actual constituent concentrations,

. in ug/l, for the 51 cmes

-~ The total metals levels in CSDLAC wastewater in 1986 are also shown m Table
'3-9. On an equivalent weight basis, 1986 levels were 42 percent of 1971 - 1974 levels.
Companng 1986 CSDLAC levels with 1978 - 1979 levels of 50 other cities, 16 cities (32
percent) were higher than CSDLAC, and 34 cities (68 percent) were lower. :

Clearly, sulﬁde generatron and corrosion in. CSDLAC sewers mcreased

L 3-15 -




TABLE 3-7

AVERAGE INFLUENT AND EFFLUENT SULFIDE; |

- PIPELINE PILOT PLANT (5)

TEST PIPELINE

CONTROL PIPELINE |
-Influent-- —Effluent-- -Influent-- —-Effluent--
Additive DS __TS DS TS DS TS DS TS
mgl mg/l mg/l mg/l - mgl mgl mgl mgl
1x Mixture 25 38 79 97 . 27 31 64 15
Ix Mixture+Fe 25 39 78 98 25 36 39 64
. TABLE 3-8

COMPARISON OF CONTROL AND TEST PIPELINE SULFIDE GENERATION:

PIPELINE PILOT PLANT (5)

EFFLUENT MINUS INFLUENT SULFIDE

- PERCENT CHANGE

Control ‘ Test Control vs. Test
Additive ‘ DS TS DS TS DS TS
' mg/l mg/l mg/l mg/l % %o
1x Mixture 52 59 38 38 25 36
1x Mixture+Fe 53 59 - 14 238

3-16

77 <51




NOHI + NOILIOGY Xt- ¢ Nowaav X

| oawvuanae 3ans wiol |

|- aauvuanas 3a1Ins aantossia

T uedopdeupedy
~ epluei) pue sjejay o) enq. -
pajelausy) epying ui obueyn jusosed

~ {-g b4

05

% ‘IDNVHO INSOHId

317




TABLE 3.9

COMPARISON OF CSDLAC METALS LEVELS BEFORE AND AFTER
PRETREATMENT WITH METALS LEVELS OF 50 CITIES IN 1978-1979
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- TABLE 3-10
: METALS AND CYANIDE CONCENTRATIONS IN WASTEWATER
e L . : FROM S1 CITIES‘ :
emsecscccsses hibdehdadabd et Concentratwn ceeseccsnanccsnvccsomnncnona
.. CADMIUM CHROMIUM COPPER CYANIDE LEAD MERCURY NICKEL ZINC  IRON
o . j PLANT ug/t ug/l ug/l ug/l ug/t  ngsl ug/t o ug/t ¢ ug/t
? o : B N 17 572 267 583 133 - 189 6717 151917
; . , .10 226 123 4747 136 . 333 98 486 4267 '
LACounty® . 32, 915 596 @ - 322 312 1400 .. 286 - 2164 - 10706
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dramatically between 1971 and 1986, and metals and cyanide levels dropped
significantly. Unfortunately, it is not known what levels of specific metals, cyanide, and
combinations cause suppression of hydrogen sulfide corrosion. Although CSDLAC
appears to have passed a threshold level of metals and cyanide which resulted in
increased sulfide levels and corrosion, it is difficult to predict whether other cities could
experience a similar increase in sulfide generation and corrosion upon reduction in
metals levels resulting from industrial pretreatment.
3.5  Site Visits to Industrialized Cities |

EPA. conducted site visits to three cities having portions of the sewer system with |
high industrial contributions. 'Initially, it was believed that comparison of corrosion in .
residential vs. industrial sewers might show differences attributable to the metals and
other constituents present in the wastewater. The cities were Charlotte, NGC;
Milwaukee, WI; and Tempe, AZ.

3.5.1 Charlotte, North Car'olinai (see also Section 2;2.7) |

In the Charlotte sewer system, four sewers conveying primarily residential
wastewater and six sewers with a large industrial flow contribution were inspected. All
of the sewers were 20 to 25 years old.

Total sulfide levels in the residential sewers ranged from 0.2 to 0.6 mg/l. Pipe’
surface pH measurements were generally 6.0, with the exception of one site where
surface pH levels ranged from 4.5 to 6.0. At that site, corrosion penetration was
approximately 0.25 inches, exposing aggregate. No measurable H,S was detected in the
sewer head space at any of the four sites. S -

Two of the six industrial sites showed signs of shallow hydrogen sulfide corrosion,
with penetration estimated to be up to 0.12 inches. Wastewater sulfide levels at the six
sites ranged from 0.0 to 0.3 mg[l. At sites where corrosion was observed, high
turbulence levels were noted. Wastewater pH measurements were 6.0 at four of the
industrial sites, 5.5 at one site, and 10.0 at the remaining site. No H,S was detected in
the headspace at any of the six industrial sites. c o :

3.5.2 Milwaukee, Wisconsin (see also Section 2.2.8)

In Milwaukee, observations included five sewers conveying primarily residential
wastewater and five sewers with a heavy industrial flow contribution. Three of the
residential sites were located in the Jones Island WWTP service area, and were concrete
pipes ranging in age from 50 to 70 years. No corrosion was observed, and the surface
pH of the concrete was measured to be 6.5. Two other residential sites were sewers in
the South Shore WWTP service area. One site was a sewer less than 20 years old; the '
other was 50 years old. The 20 year old sewer was similar to the first three - no
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{ corrosion and hxgh surface pH However, at the other sxte wastewater sulﬁde content
was 0.5 mg/l and the crown pH was 3 5 Severe corrosion was observed, wrth up toone -
~ inch of concrete lost. y S v

All ﬁve mdustnal sites are at least 6 mrles downstream from the begmmng of the
* collection system and at least 40 years old.' No corrosion was observed at any of these
~ sites. However, two sites had measurable wastewater sulfide levels of 0.18 and 0.40.

mg/l. Crown pH levels were between 6.0 and 7. 0at all of the industrial srtes One site -
'was less than 0 3 miles downstream of a tannery

"13.5.3 Tempe, Anzona .

A srte visit was made to Tempe because one area of the Cxty generated
 wastewater primarily of industrial origin. These. industries included four circuit board
manufacturers, 'two electroplaters, two metal finishers, one coating operatron, and two
~dry cleaners.. It was believed that results of detailed monitoring data from industrial vs.
.- Tesidential areas could provide some msrght as to the xmpact of mdustnal dxscharges on

- the extent of hydrogen sulﬁde corrosron N

Data from prevrous momtonng by Crty of Tempe staff were rev1ewed and

inspections were made of industrial and residential sewers. The Clty had measured
suifide, pH, temperature, ORP, and D. O. of the wastewater, and had contracted with a
. local laboratory -for, metals analysis. - At the industrial site, dissolved sulfide levels ranged
" from 0.05 to 1.9 mg/l on five separate days (grab samples).. Dissolved sulfide levels -
averaged 0.6 mg/l. Atmospheric H,S levels were 1 to 2 ppm. Wastewater pH ranged ‘
from 8.0 to 8.9. Inspection of a manhole in the 27 inch sewer conveymg the majority of
wastewater from the industrialized area showed no evidence of corrosion. The sewer
system in this area was approximately 20  years old, and appeared to be in excellent
~ condition with no sign of deterioration. On the day of mspectron, no atmosphenc st
" was detected i in the manhole near. the hqmd surface : :

‘A large trunk sewer conveymg resxdentral wastewater from the adjornmg Cxty of

Mesa was inspected at several locations. - Previous monitoring by the City of Tempe had "

indicated dissolved sulfide levels of up to 9 mg/l, and atmospheric H,S levels of up to 68
 ppm. The concrete manholes which were unprotected exhibited severe corrosion above
the waterline, with abundant quantities of corrosion product. Several manhole

- chaibers had been lined, with plastic, and those manholes that were Sources of odor

complaxnts were equxpped wrth carbon camsters to control odor emrssrons

'No conclusrons could be drawn from exrstmg data regardmg the 1mpact of
industrial ‘discharges on hydrogen sulfide corrosion. A further, detailed momtormg
program was abandoned because of the high pH (8. 0 to 8.9) of the wastewater
emanating from the industrial zone. “This high pH preveats significant amounts of H,S -
3 from being released from. solutron, since over 90 percent of the drssolved sulﬁde 1s :
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present as the hydrosulfide ion, not as the dissolved gas. In general, it is believed that '
attempts to assess the impacts of metals and other industrial constituents on hydrogen
sulfide corrosion by monitoring industrial vs. residential sewers are futile due to the
many factors which affect sulfide generation and corrosion.

3.6  Beneficial Effects of Local Industrial Pretreatment Programs.

It is important to recognize that several aspects of the industrial pretreatment
standards may actually lower the potential for sulfide generation and corrosion in sewer
systems. Among the more important of these are 1) reduction of sulfide-bearing wastes,
2) reduction of high strength organic waste discharges, 3) reduction of high temperature
discharges, 4) reduction in fats, oils, and grease, and 5) reduction in acidic wastes. ‘
Because of the complex interaction of all the factors that affect sulfide generation, it is
very difficult to quantify these effects for a broad base of sewer systems. Beneficial
impacts of local regulation of industrial waste discharges on sulfide generation in
municipal sewers are summarized in Table 3-11. In this table, sulfide is the only
parameter specifically regulated by the EPA Categorical Pretreatment Standards.

3.7 Conclusions

The national effects of industrial pretreatment on hydrogen sulfide corrosion are
impossible to ascertain since no municipalities other than CSDLAC were found to have
sufficient data to establish a correlation. Based on theoretical analysis, review of full
scale and pilot scale research data from CSDLAC, and a series of site investigations, the
following conclusions are presented. | :

o The reduction in metals and other industrial constituents in CSDLAC
wastewater apparently caused an acceleration in corrosion rate, possibly
due to biological inhibition and/or chemical precipitation. '

L Two pilot studies conductéd by CSDLAC demonstrated that sulfide
generation was reduced when metals were added to the wastewater at
levels approximating those in the early 1970’s. |

° When comparing 1970s data from 50 other cities having 10 to 50 percent
industrial flow input, total metals and cyanide levels in CSDLAC
wastewater were higher than levels in 94 percent of 50 U.S. cities.

. If current (1986)ACSDLAC déta are compared‘iav‘ith‘ 1970°s data from 50
cities, CSDLAC levels would be lower than 32 percent of the cities.

. It is difficult to project how maﬂy cities could potentially be adversely
affected by industrial pretreatment since it is not known at what levels
industrial constituents begin to suppress sulfide generation.
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: TABLE 31

BENEFICIAL IMPACTS OF CONTROLLING :
INDUSTRIAL DISCHARGES ON SULFIDE CORROSION

- Type of Dlscharge Controlled SRR ~ Benefit
Sulﬁde-bearmg wastes | B - r. ” - Lowers sixlﬁde. le§rels;

.corrosion potential

High orgamc strength o - - Sulfide generation Trate
(BOD) wastes | S proportional to BOD; reduction in
: i o ~ organic’ strength reduces oxygen

~ uptake and depressmn of dissolved .

- omygen

' High temperature wastes - ‘ , o ,Lower ,temperaturevreduce's sulfide

S : ' o ' .generation - rate; increases
solubility of H,S, reducing release
-of H,S; increases solubility of

~oxygen .
: Wastes contammg fats, o o ~ Reduces potehtial for :sewer ’

_oﬂs, and grease o ' o . clogging, reduced velocities, solids

deposition, and sulfide generation |

Low pH wastes I o Mamtalmng pH at or above
L D Co ‘ ‘ neutral reduces release of H,S to -
-the sewer atmosphere




.

Site visits to inspect corrosion in residential vs. industrial sewers were
inconclusive regarding the impacts of metals and other mdustnal
constituents on hydrogen sulﬁde corrosion.

Local regulation of certain non-toxxc constxtuenis in mdustnal waste
- discharges has likely had a beneficial impact in reducing the potennal for
sulfide generatlon and corrosion.

Addmonal research is necessary to estabhsh the cons’atuents and thelr
associated levels at whxch sulﬁde generatlon is suppressed or accelerated

i
f
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4.0~ DETECTION, PREVENTION AND REPAIR OF HYDROGEN SULFIDE
. CORROSION DAMAGE DR )

’ - Alternatives for the detection and prevention of hydrogen sulfide corrosion in

‘both existing and new. wastewater systems, and techniques for repairing hydrogen sulfide:
- corrosion damage, are summarized in this section. Additional detailed information may
~ be found in publications prepared by the Environmental Protection Agency, The . ,
American Society of Civil Engineers, - the American Concrete Pipe Association, and the
* U.S. Department of Housing and Urban Development (1)(2)(10)(7). = - '

: 74.‘1 Deteéﬁt;n and Monitoring of Hydrogen Sulfide Corrosion

One of the most useful "early warning" indicators of potential hydrogen sulfide
corrosion problems is PH of the pipe crown or structure wall. This is a simple 'test using
color-sensitive pH paper which is applied to the moist crown of the pipe. New pipe has
a high pH of 10 to 11. After aging the pH of the crown under non-corrosive conditions
may drop to near neutral. Pipe experiencing severe hydrogen sulfide corrosion may
have a pH of 2 or lower. S R o

Dissolved sulfide levels in the wastewater and hydrogen sulfide levels in sewer
headspaces can be checked to determine if sulfide is being generated in the sewers and
where and to what extent it is being released from solution. Routine monitoring may be

“justified at the lift stations, junction structures, discharges of force mains, treatment
plant headworks, or other locations in the collection and treatment system. Such tests -
. indicate whether conditions are present for hydrogen sulfide corrosion to occur. .

Routine visual inspections are essential. Where accessible by a worker, this can °
" be done by entering manholes or sewers and checking the soundness of the pipe
material. A screwdriver or other sharp tool can be used to determine the depth of
penetration into soft corrosion product. Since corrosion products occupy greater o
volume than the original concrete, depth of penetration is not an accurate measurement -
-of concrete lost to corrosion (section 1.4). Concrete loss can be approximated by
measuring the depth of aggregate protrusion from the surface. Sewer pipe may also be
. inspected remotely through the use of television cameras. With improvements in the ~
resolution of camera equipment, TV inspections can often identify corrosion problems,
although considerable damage may already have been done. R

A relatively recent development in remote sewer inspections is the use of "sonic

o - caliper” technology to measure the inside dimensions of the pipe. Sonic signals are

. transmitted from a floating raft to the pipe walls, and the signal is detected after -
reflecting off the wall. Software developed by a proprietor is used to process the signals
and determine the variation in pipe diameter along its léngth. Areas where loss of pipe
material has occurred can thus be detected. The technique was successfully used to |

- inspect over 40,000 feet of 36 in. to 54 in. diameter pipe in Tampa, Florida (9).
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Core borings of the pipe crown and submerged pipe may be taken to calculate
the extent of the corrosion loss. Some municipalities only take cores of corroded
portions of pipes to determine how much pipe remains. Expandable rods have also
. been used to measure the inside pipe diameter, rather than taking core borings, as a
means of estimating the extent of corrosion, although errors are introduced due to
variation in wall thickness and pipe "roundness.” :

To determine the rate of corrosion, the thickness of corroded pipe must be
compared at two different points in time, since no instantaneous technique has been' .
proposed for monitoring corrosion rates. CSDLAC is the only entity known that has
determined corrosion rate on a regular basis using core borings. Some sewers may be
installed with vitrified clay "plugs" or stainless steel rods in the crown at accessible
locations, providing a direct visual comparison of adjacent corroded and non-corroded
material. :

4.2 Prevention of Hydrogen Sulfide Corrosion in Existing Systéms

A number of techniques have been used to control corrosion and odors
associated with hydrogen sulfide generation in existing systems. The most common
techniques can be divided into the general categories of oxidants, precipitants, or pH
elevators. Oxidants control sulfide by chemically or biologically causing the oxidation of
sulfide to thiosulfate or sulfate. Such techniques include air or oxygen injection, or
addition of chemicals such as hydrogen peroxide, chlorine, or potassium permanganate.
Precipitants control sulfide by precipitation with a metal salt such as ferrous chloride,
ferrous sulfate, or zinc salts. The dissolved sulfide is converted to an insoluble -
precipitate, preventing release of gaseous H,S. Elevation of the pH through shock
dosing of caustic controls sulfide generation by inactivation of sulfide-producing slimes"
present on the wall of the sewer pipe. A summary of sulfide control techniques is
provided in Table 4-1. N o ‘

All of the above control techniques are oriented towards reducing the levels of
dissolved sulfide in solution such that less sulfide is released to the sewer atmosphere.
Work conducted by CSDLAC indicated that, although significant reductions (75 to
95%) in dissolved sulfide could be obtained with chemical addition, only modest
reductions (50 to 60%) in H.S levels in the sewer atmosphere were realized (4). Thus,
a 90% reduction in dissolved sulfide does not necessarily indicate that the rate of
corrosion will be reduced by 90%. Although empirical predictive corrosion equations .
assume that corrosion rate is directly proportional to the rate of H,S flux from the
wastewater to the sewer walls, this relationship is very difficult to verify with field data.

No one sulfide control technique can be generalized as being the most cost-
effective. Dosages of chemicals to control sulfide vary widely from one wastewater
system to another, and are dependent on wastewater characteristics and other site- .
specific factors. Sulfide control options must be considered on a case-by-case basis.
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\

. Brief descrxptxons of sulﬁde control methods apphcable to exxstmg wastewater systems .
. are prov1ded below More detalled mformatlon may be found in references (1) and ).

"4.2.1 Air Injection ‘

' In;ecnon of compressed air mto the: wastewater is most apphcable to force mains, .
- siphons, and pipes flowing under pressure. Often, air is injected on the discharge : side
 of sewage. pumps to provide dissolved oxygen which promotes oxidation of existing

sulfide and prevention of further sulfide build-up. The pressure in the pipe, bemg

greater than atmospheric, allows dissolution of greater quantmes of oxygen. Air

injection is an-economical alternative for sulfide control in pressurized lines. Because of ©

the large quantities of air injected, potential exists for gas accumulation and increased
‘head losses. Although research has been conducted on pressure tank dissolvers and U-
tubes for use in aeratmg grav1ty sewers, such devices appear to be margmal for this

: purpose ‘
| .4.2.2 Oxygen Injection :

Oxygen is five times more soluble in water than air, and thus it is possxble to
-achieve higher DO levels in the wastewater. As with compressed air injection, oxygen is
most applicable. to sulfide control in force maids and pipes under pressure. However, it
is currently being used in Sacramento to oxygenate wastewater in a fall structure, and
- 'CSDLAC has conducted demonstrations of pressurized sidestream dissolution for
oxygenatxon of gravity sewers. In the sxdestream dissolution system, a portion of the
" flow is directed through a pressurized pipe into which oxygen is mjected The oxygen-
: saturated sidestream i is then mtroduced back into the gravrty main. :

Oxygen is generally an economlcal techmque for sulfide control. However, the ‘
annual costs for purchased oxygen are hxghly dependent on how efﬁcxently the oxygen is
: transferred into soluhon .

‘4.2.3 Hydrogen Per‘bxide

Hydrogen peroxxde is w1dely used for sulﬁde control in force mains and gravxty

- - sewers. At neutral and acidic pH, H,O, oxidizes H,S to elemental sulfur. ‘Dosage

weight ratios of H,0, to H,S vary from near stoichiometric (1:1) to over 5:1; dependmg .

. on degree of control desired, wastewater characterlsucs, initial sulfide level, and -
" - wastewater travel time between injection station and control point. Costs for sulfide

* control using hydrogen peroxrde are competmve with other sulﬁde control chemxcals
-4, 2 4 Chlorme o

r Chlorme OXIdIZCS sulﬁde to sulfate or elemental sulfur Chlorme can be »
purchased asa gas or-as hypochlonte solutlon In pracnce, Cl2 H,S dosage weight ratlos.

'
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are typically in the range of 10:1 to 15:1. Although commonly used for sulfide control,
dosage requirements and unit chemical costs often make chlorine uneconomical ‘
compared to other chemicals used for sulfide control. The hazardous nature of chlorine
gas make it less attractive for use near residential areas.

4.2.5 Potassium Permanganate

Potassium permanganate is a powerful oxidant that is effective for sulfide control.
In general, dosage weight of KMnO, to H,S are approximately 6:1 to 7:1. Potassium
- permanganate is purchased as dry crystals. Chemical costs are high, and use of KMnO;
for wastewater applications is generally not cost-effective. -

4.2.6 Metal Salts

Tron salts such as ferrous sulfate and ferrous chloride are widely used,
economical chemicals for sulfide control. ' Iron redcts with H,S to form an insoluble
precipitate, preventing release of H,S from solution. In practice, dosage weight ratios of
FeSO, to H,S are approximately 5:1, although higher dosage ratios may be required
depending on wastewater characteristics, initial sulfide levels, and degree of sulfide
control required. '

4.2.7 Sodium Hydroxide

Sodium hydroxide is added in "shock doses" to sewers for sulfide control. Caustic
soda (NaOH) is added over a period of 20 to 30 minutes at sufficient dosages to elevate
the pH to between 12.5 and 13.0. The high pH slug temporarily inactivates sulfate
reducing bacteria and greatly reduces hydrogen sulfide generation. Within a period of
several days to two weeks, the sulfate reducing bacteria become re-established, and
caustic dosing must be repeated. If this approach is employed in the collection system
near the treatment plant such that dilution of the high pH slug does not occur,
provisions must be made to store the high pH wastewater and gradually release it to the
plant to avoid biological upset. - : h '

4.2.8 Other Chemicals

Other chemicals have been used for sulfide control with varying degrees of
success. Sodium nitrate has been used for H,S control in lagoons, trickling filters, and
carbon columns, but has not been widely used for sulfide control in sewers. Nitrate
prevents sulfide generation by acting as a hydrogen acceptor which is used preferentially
by bacteria over sulfate. , o "

Several proprietary bacterial cultures and enzyme prebai‘atioﬁs are claimed to be

effective for sulfide and odor control although their effectiveness has yet to be
demonstrated. | |
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| 4.3 ~ Prevention of Hydmgen Sulﬁde Cdrrosion in the Design of New Systems

Cons:deratxon of sulfide generatlon and corrosion is crmcal in the design of
wastewater collection systems. While it is possible, and sometimes necessary, to -
incorporate chemical addition stations for sulfide control as part of the overall system
design, the most cost-effective and rational engineering approach is to developa
hydraulic design that minimizes sulfide generation. In general, such an approach strives
- to maintain aerobic conditions in the wastewater by provxdmg adequate wastewater by
- providing adequate wastewater velocities, and by minimizing the use of force mains, -
inverted srphons, and surcharged sewers in which anaerobic condmons can develop,
resulting in sulfide generatxon. : : : »

‘ Under certam condmons, sulﬁde generatxon may be unavordable Empmcal
equatrons have been developed to allow prediction of sulfide build-up and rates of -
_corrosion. Where sulfide generation is anticipated, corrosion resistant materials can be
selected, or the alkalinity and thickness of concrete pxpe can be speclﬁed to help reduce:
the effects of hydrogen sulﬁde corrosron. , :

, Table 4—2 summarizes various approaches used to minimize sulﬁde generatlon
~ and-corrosion during the design of wastewater collection and treatment facilities.
Several key design elements are summarized below. More detailed dxscussxons of -

- - corrosion preventron durmg desxgn may be. found in references (1) (2) and (10)

- 4.3 1 Wastewater Velocity

Wastewater velocxty is crmcal in de51gnmg sewer systems to prevent or m1n1m1ze -
sulfide generation. Adequate velocity 1) prevents deposition of solids which can cause -
flow obstructions and increase sulfide generation-and 2) provides surface reaeration
‘which helps to maintain aerobic conditions and prevent 'sulfide generatxon ‘Although a-
minimum scouring velocity of 2 ft/sec has been hxstoncally used- by engineers designing
~ gravity sewers, large diameter sewers requlre much higher scounng velocities, on the ,
“order of 3 to 4.5 ft/sec. Minimum scourmg velocmes for force mains are typxcally 3to 5
ft/sec dependlng on pipe size. : ~ :

The xmpact of veloclty on reaeratxon rate is sxgmﬁcant. For a24 mch dlameter o
flowing half full, increasing the velocity from 2 to 3 ft/sec increases the reaeration rate
. bya factor of. 2. The effect is somewhat less dramatxc for sewers laroer than 36 inches. -

Veloc1ty in sewers is controlled by ﬂowrate slope and plpe dlameter Flgure 4-1

is a generalized guide showmg the potentlal for sulﬁde generatron asa functlon of ﬂow
and- slope : :
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4.3.2 Desxgn of Junction and Drop Structures

Turbulence created by ]unctxons and drop structures can have opposxte effects on
sulfide build-up and corrosion, dependmg on the characteristics of the wastewater when
it reaches the structure. If no sulfide is present, turbulence will increase reaeration
rates, thereby adding dissolved oxygen and maintaining aerobic conditions. - On the
~ other hand, if dissolved sulfide is present, turbulence will increase the release of

hydrogen sulfide to the atmosphere and increase the rate of corrosion. Therefore, if
potential for sulfide generation exists, designs of such structures should be such that
turbulence is minimized.

4.3.3 Force Mains, Snphons, and Surcharged Sewers

Force mains, 51phons, and surcharged sewers have one thmg in common: the
sewer flows full with no opportunity for reaeration. This results in anaerobic conditions;
generatlon of H,S, and often severe corrosion at the outlet. In general, use of force
mains, siphons, and surcharged sewers should be avoxded whenever possible.

Where required, design velocmes should be selected to avoid solids deposition,
and detention times should be minimized. Where long force mains or siphons are
necessary, consideration should be ngen to positive sulfide control systems (e.g.,
chemical addition) and/or use of corrosion resistant materials such as PVC liners at
discharge points. ~ :

43.4 Sewer Ventilation

Sewers are naturally ventilated through building vents and manholes, occurring
from factors such as changes in barometric pressure, wind, air density differences, and
flow conditions. Wet wells at pumping stations have 12-30 changes/hour, and dry wells
have 6-30 changes/hr Ventilation is often practiced at wastewater treatment plants,
where air is withdrawn at the headworks and' either treated separately or plped to
existing biological processes (1).

4.3.5 Local Control of Industnal Dlscharges

Local control of industrial dxscharges as a means of minimizing sulﬁde generation
is applicable to both existing and new wastewater systems. Beneficial impacts of
controlling industrial discharges on sulfide generation were summarized in Table 3-11.
‘Adequate industrial pretreatment to make such wastes compatible with municipal
wastewater can eliminate their contribution to sulfide generation potential.
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43. 6 Design Considerations When Sulfide Generatlon is Antxcxpated

' .4.3.6.1 Predxctmn of Sulf' de Generatmn and Corrosxon

In some cases, it is dxfﬁcult or not cost-effectlve to de51gn a wastewater collectxon -
system that will be free of sulﬁde problems Itis then useful to know what levels of
:sulﬁde can be expected :

Emplrxcal equahons ‘have been developed to allow predxctxon of sulﬁde levels In
_ addition, a model has been developed to allow predlchon of corrosion rates where H,S
' '_1s present. ' o \ ‘

The Pomeroy-Parkhurst equatlons that predxct sulﬁde buﬂd-up are glven below: .

o Plpes Flowmg Less than Full

S, =S S-S, .
! log m(su )3/8 |
R . 2314,
‘where: -
v ’A',S'2 = predicted sulﬁd.e.‘ concentteﬁOn at time t,
S, = sulfide concentration at time t; -~ ,
. Sh; = theoretical upper liniit of sulfide concenttetion ‘
s ,"'=,slope pfthe.pipe' | A
| u = stream'velocity
t = (tz-t,) flow time
m = empmcal coefficient for sulﬁde loss
d, = mean hydrauhc depth

Pipes Flo'winz Full

1 S, =S + (M)(t)[‘EBOD (4/d) + 157)]
- where -

M = expenmentally determmed empmcal constant o o T
representmg the sulfide ﬂux 1 '

EBOD 'BOD[1.077] ('r = temperature °C) . |
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The rate of corrosion of concrete pipe can be predi‘cte’d using the following equation:

Chy=115k O,
A
where,
C., = average rate of penetration, mm/fyr
" = Coefficient of efﬁciexicy for acid reaction considering the

estimated fraction of acid remaining on the wall. May be as low
as 0.3 and will approach 1.0 for a complete acid reaction.

D, = flux of H,S to the pipe wall, gm/m*hr

A = Alkalinity of the cement bonded material, expressed as CaCO;
equivalent. Approximately 0.18 to 0.23 for granitic aggregate
concrete, 0.9 for calcareous aggregate, 0.4 for mortar linings, and
0.5 for -asbestos cement. -

115
3., = 069(su)3 [DS](b/P)

constant

+ where, '
s = energy gradient of wastewater stream, m/m
u = stream velocity, m/s l
j = fraction of dlssolved sulfide present as HZS asa functmn of pH
[DS] = average annual concentratlon of dxssolved sulﬁde in the

wastewater, mg/1

b/P’ = ratio of width of yvastewater‘stream at surface to exposed
perimeter of the pipe wall above the water surface.

Peak corrosion rates occur at the sewer crown, and may be higher than the
average corrosion rate by a factor of 1.5 to 2.0. This is the crown corrosion factor
(CCF). Another factor, the turbulence corrosion factor (TCF) is used to account for
greater flux of H,S to the pipe wall, and may vary from 1 to 2.5 for well-designed
junction structures or other areas with nonuniform flow conditions. At drops or
turbulent junctmns, the turbulence corrosion factor may be 5 to 10.

Thus, the peak crown corrosion rate is given as follows.

Cuux = Cag X CCF x TCF
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- sacnﬁclal concrete cover over the remforcmg bars.

4.3.6 2 Selectxon of Materxals :

 When it is antxcrpated that sulﬁde will be present, consrderanon must be given to
 use -of corrosion-resistant materials. Pipe materials such as PVC, PE, and vitrified clay =
are virtually unaffected by sulfuric acid produced by the brologlcal oxidation of hydrogen
sulfide, and should be specified if hydrogen sulfide corrosion is anticipated. For larger =
‘diameter sewers, PVC or vitrified clay pipes are not available, and concrete pipe is often o
" used. However, PE pipe is available in diameters up to 120 inches. Two alternatives '
are frequently used to protect the. concrete pipe from corrosion or to extend its useful -
- design life. These are 1) use of PVC liners which are imbedded into the concrete. prpe
during manufacture, and 2) use of high alkalinity calcareous aggregate and/or addmonal -

The proprletary "I'-lock" PVC lmer has been successfully used for concrete pipe
protection for many years.. Although the cost of the pipe is increased, follow-up tests
have shown that the PVC liner provides excellent protection of the underlying concrete.

' The PVC is immune to sulfuric acid attack, and proper installation of the liner prevents -
" migration of acid to the concrete. Surface-apphed synthetic coatmgs have yet to
‘demonstrate the longevrty and acid resrstance of PVC Irners. -

Use of calcareous aggregate in concrete plpe increases the alkahmty of the
concrete and thus increases the resistance to sulfuric acid attack. An additional :
- sacrificial layer of concrete over the reinforcing steel increases the useful desxgn life of
the pipe. An equation has been developed to assist in proper selection of pipe materials
(alkahmty) and thickness. This is the "A2" or "lrfe factor" equatxon, shown below '

Az = 0.45k 2. uccr)(rcr)

where,
- Az hfe factor, equal to the product of alkahmty and th1ckness of ;
allowable concrete loss . o o
L = desxred desrgn hfetxme, years

Thus, assummg a desrgn hfetune of the pipe, it is possrble for the engineer to :
- specify the desired combmatxon of plpe wall thrckness and concrete alkahmty to achxeve D
the target hfetlme ' - : ‘

'. 4.4 Repaxr of Damage Caused by Hydrogen Sulfide Corrosron
‘ Once corrosion damage has occurred it may be necessary to reparr a structure to -

reduce the potentral for failure or collapse 1In the past, excavation and replacement was
* a common repair solution to corroded prpes and structures. However due to the
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expense, the disruption to traffic, the potennal for damage to other underground
utilities, and the interruption to the service itself, in-line rehabilitation techmques have
become more attractive. Rehabilitation techniques are those methods and repairs
applied to an existing structure to prolong its useful life. With such techniques,
municipalities can repau' existing structures at a lower cost than replacement, and
without public inconveniences due to traffic disruptions and service interruptions. In
many situations, pipelines can be rehabilitated at somewhat less than the cost of
replacement. Rehabilitation techniques are not acceptable under the following
conditions:

®  where sxgmﬁcant addmonal capacxty is. needed
] where rehabilitation methods that are adequate to restore plpehne
structural integrity would produce an unacceptable reduction in service

capacity

L for point repair where short lengths of pxpelme are too senously damaged
to be effectively rehabilitated by any means

. where entire reaches of pipeline are too seriously damaged to be
rehabilitated

° where removal and replacement is less costly in dollars and urban

dlsruptxon than other rehabnhtatxon methods

Numerous rehabrhtanon techniques exist, but not all are applicable to corrosion
repair. The selection of a particular method of rehabilitation depends on many factors
such as economics, extent of damage and structural integrity, disruption of traffic and
excavation requirements. High concentrations of sulfuric acid may be detected on the
walls of sewers where H,S is being generated. Sulfuric acid can quickly deteriorate
crown and sidewall concrete, thereby exposing aggregate and reinforcing steel, and
potentially weakening structural integrity. Therefore, corrosion rehabilitation techniques
must focus on internal repairs to ensure structural integrity and provrde a protective
barrier against subsequent acid attack, rather than on external repairs (e.g., soil
stabilization). After surveying consulting engineers, municipal engineers, and
manufacturers, the followmg seven genenc rehabxhtatxon measures were 1dentxﬁed as
appropriate for acid corrosion repair:

insertion renewal (sliplining)
deformed pipe insertion
cured-in-place pipe |
specialty concrete-

coatings

liners

spot replacement-

Table 4-3 describes various methods of pipeline rehabilitation, indicating their
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- apphcatlons, advantages, and dlsadyantages More detaﬂed mformatxon may be found
in references (5) (6) (7) and (8)

, Shphmng or. msemon renewal is the most w1de1y used rehabxhtat]on techmque.
- Sliplining involves inserting a. new, continuous length of pipe or segments of pipe inside
-an emstmg pipe. Pipes are made by j joining individual lengths with heat fusion or
various types of bell and spigot joints.  Materials used for sliplining pipes include
polyethylene (PE), polybutylene, ﬁberglass-remforced polyesters, reinforced .
thermosettmg resins, and PVC. Material selection is based on apphcatlon, design needs,
‘economics, and to some extent, space availability at the installation workmg area.
. Sliplining is capable of dealing with a variety of serious structural problemis if the
annular space between the existing pipe and the shphmng pipe has been properly
grouted. Exceptions are severely crushed or collapsed pipes. Installation is done by
, excavatxng an access pit and pushing or pullmg the shplme pipe into the existing pipe..
. It is widely used for cracked or deteriorated sewer pipes and to a lesser extent, water
pipes.. It takes less'time for installation, has lower cost than excavation and N
replacement, and requires minimal excavation and disruption. "It has the ability to
. accommodate large radius bends and may improve hydraulics in spite of the reduction
" in the overall pipe diameter. Most of the shphmng matenals avaxlable are acxd-resrstant
‘and provide good hydrauhcs. ) -

Dcformed pipe msernon lxmng is a new process with a lxmxted experxence base.
Several variations exist. In general, folded or compressed plastic pipe is inserted into
the existing p:pe Pipe material may be polyethylene or Pplasticized PVC. The pxpe may
- be heated to increase flexibility prior to installation. In one process, the heated pipe is
pulled through a die to reduce the diameter prior to insertion. In processes using
folded pipe, steam is added -after insertion and a ball is propelled through ‘the folded -
pipe to expand it to conform with the existing pipe, or the pipe is expanded :
hydraulically using steam pressure. In the process using the mechanical die to reduce .
the diameter, the pipe naturally reverts to its original diameter within several hours..
~ After insertion and expansion,~the ends of the liner are cut off, trimmed, and hkely
sealed. Proprietors claim that the process results in a tight fit of the liner to the plpe,
eliminating the need for grouting of the annular space Mixing of resins and curing, as
required with cured-m-place systems, are: unnecessary The folded liner systems are
- supplied in rolls, and insertion pit excavation is not required. For the system which

~ reduces pipe diameter using a die, an insertion pit is apparently required as with
conventional sliplining. Because of the limited expenence with deformed pipe insertion
" methods for rehabilitating sewers, little information is available on the applicable size
ranges, ease of mstallatlon, and cost-effecnveness of these systems ;

T e

i

Cured-m-place prpe is. formed from a resm-lmpregnated felt tube whxch is .
' mverted into an e:ostmg pipe and allowed to cure. After curing, the felt tube becomes a
smooth, hard pxpe of slightly less diameter and of the same shape as the original pipe. .
Cured-m-place prpe can be mstalled in plpes of all shapes up to diameters of 96 mches
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It can also adhere to bends present in the original pipe. Inversion lining is successful in
dealing with a number of structural problems. Caution must be used in the application
of this method to any structural problems involving major loss of pipe wall, reinforcing
steel, or exterior pipe and bedding support. Within limits, the liners can be designed to
deal with these more serious structural problems. Precautions should be taken in
determining the selection of an inversion lining method for sewer rehabilitation.
Various resins can be used to provide different degrees of acid resistance. Standard
polyester resins are suitable for most sewer applications. Cured-in-place inversion
linings have found more acceptance where minimal excavation and traffic disruption is
required. This technique is one of the most widely used rehabilitation methods. The
long-term acid resistance of the liner is unknown. ‘Observations made within the past 15
years have not indicated corrosion problems. :

~ Specialty concretes are sulfate-resistant cements applied to corroded surfaces
primarily for structural reasons and to resist corrosion. Sulfate resistant cements
include potassium silicate. Typically, reinforcing steel is added for additional support.
Specialty concretes include cement mortar, shotcrete, and cast concrete. Cement mortar
is applied with a hand trowel for spot repairs in man-entry size (i.e., greater than 32-
inch-diameter) sewers or with a centrifugal lining machine for complete coverage within
a stretch of pipe. Shotcrete is applied with a special nozzle using compressed air. Cast
concrete is installed using prefabricated or hand-built interior pipe forms. The '
development of mechanical, in-line application methods (e.g., centrifugal and mandrel)
has established mortar lining as a viable rehabilitation téchnique. Both shotcrete and .
cast concrete are used in large-diameter sewers where adequate space is available to
handle materials and equipment. The specialty concrete applications depend on the
degree of corrosion present and the structural integrity of the unit in question.
Generally, thin film concrete will perform best on relatively non-corroded concrete
whereas an elastic membrane concrete system will work for all cases. Testing performed -
by CSDLAC revealed that seven out of eight supposedly acid-resistant specialty -
concretes failed after submersion from 0.1 to 488 days in a 10-percent sulfuric acid
solution. Only one concrete has maintained its acid resistance even after 605 days of
testing. Specialty concretes are used mostly for spot repairs such as manhole barrels,
wet wells, junction chambers, and sections of pipe. L :

Coatings include a myriad of proprietary epoxies, resins, sealers, silicones,
urethanes, and coal tars applied by spray or brush. Coatings are experiencing rapid
growth with new products being marketed continually. Unfortunately, field testing has
not kept up with the rapid growth. CSDLAC have been testing new products, and cities
such as Seattle have been using those products that exhibited good results. Only about
25 percent of coatings tested by CSDLAC exhibited good acid resistance. The majority
of failures can be attributed to application difficulties (e.g., pinholes and blowholes).

All coating systems require some form of surface preparation. The surface preparation
and conditions under which coatings material is applied are extremely critical. The
specification of any.acid resistant epoxy should require the minimum application of 1.5
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- mm of matenal for rehablhtanon. Consrderanon should be ngen to the use of coatmgs
.that will cure underwater for projects that require either short down times, or where it
is impractical to completely remove the structure from semce, thereby requmng coatmg
apphcanon to an mtermxttently wet area. , . :

Liners used for rehablhtat:on may be prefabrxcated panels or flexible sheets that
are installed manually with anchor bolts or with concrete-penetratxng nails; or ‘
- continuous, interlocking strips that are installed in a spiral fashion using a special’
machine or manually. Manual methods are applicable only to man-entry sewers.

- Common liner materials are fiberglass-reinforced cement, fiberglass-reinforced plastic,

- PVC, and PE. The liner materials themselves are acid-resistant but problems have ',
occurred due to poor jointing. Liners may be suscepnble to acid leakage due to
numerous joints. ‘Some panel systems are time consuming to install and thus prolonged

bypass is required. Hydrogen sulfide gases have been documented to pass through poor - '

" joints and cause fajlure by attacking the concrete substrate behind the liner. A recent

- design introduced to the U.S. involves a continuous, helical, interlocking strip with

- improved joints which may overcome such gas-penetratron problems. Also, a new acid-
resistant urethylene mastic has shown excellent results in bonding PE and PVC sheets
to concrete surfaces, and may eliminate problems with mechanical anchoring and poor
]omtmg Cracking of polyethylene hners has been observed i in areas of high turbulence.

4.5 Conclusions

No matenal or. technique is effective for controlling sulfide generation or sulfide-
induced corrosion in every situation. The environmental variables that determine the
success of a prevention or repair method (e.g., the characteristics of the wastewater and
* the collection system and the severity of corrosion) vary with each system and within " -

.each reach of sewer. It is only after a system has been analyzed that these vanables can
~ be taken into account and an effective measure selected. Often, several different-
methods must be used in combination or at different points in the same system' to
- combat corrosion under various conditions. The effectiveness of a method is deter- -

mined by more than just its physxcal properties and/or theory of operation. Proper -
design, installation, operation, and ‘maintenance are required to ensure that the material
or technique is effective. However, even if studies indicate that a method has the best

long-term cost- effectiveness, initial costs may exceed the budgetary constraints of a

municipality and force. it to use a less expensive and less effective method. - Because of
the variations in- effectiveness, affordabxlxty, availability, convenience, and applicability, -

sulfide control techniques and corrosion rehabilitation methods must be evaluated ona .
: case-by-case basxs L
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‘July 1987

JOINT WATER POLLUTION CONTROL PLANT |
' RAW SEWAGE PARAMETERS
A ’.7 | 1971 - 1986 YEARLY AVERAGES

(Based on Water Quallbv Characterlstlcs Monlborlng Program)

g S N s 'BOD ,
Alkalinity = Arsenic . Barium . Total  Bo¥on

Year Total (mg/1)  (mg/1) - (mg/1) {mg/1)  (mg/1)
1971 o307 I 0 38¢.  1.03

1972 302 o - 319 11
1973 . 31s ,'» 0 0250 0.53 357 C1.14
1974 ST 298 o. 0354;u v? ~o.5s_f,' 314 ;i,' . 1235
1975 289 0.0155 0.75 . '302 . 1.49
1976 o307 0.0073. . 1.07 306 . 1.5
1977 ‘330" , '.; »0.011419 0 0.91 ,334:5“ 1.51

1878 - 322 . .0.013s 0.7 324 s1;s4) 
1979 316 o.o188 0.67 322 1.50
:_19§or o : 1"314 o | 6.0664f A7 - l.02 ,‘335, - fi.szv‘

1981 . . f 317*./ l' © 0.0067 . }-iq,éé 322 141

1982 ' 323 | -vd,0679 ‘  *‘.0:825j 313 1.66

1983 ',‘340' . "'.'0;9037‘; ; ='QQ91’ - 5291"‘»‘:.1.53 -

1s84 338 0.0257  0.83 317 176
‘1985 329 oo.o180 1.03 329 - 1.72

igssv?t":_szg . ‘o.0101° . 0.97 328 1.58




JWPCP - Raw Sewage Parameters

1971 - 1986 Yearly Averages

Cadmium
Year (mg/1)
1971 0.0250
1972 0.0320
1973 0.0320
1974  0.0400
1975 0.0390 -
1976 0.0310
1977 0.0343
1978 0.0385
1979 0.0358
1980 0.0343
1981 0.0244
1982 0.0206
1983 0.0337
1984 0.0199
1985 0.0180
1986 0.0140

Chloride
(mg/1)
560
502
423
365
341
345
326

| 397
387
387
408
434
453
498
460
461

Chromium -
‘Hexavalent -

‘(mg/L)
0

0
0
0
<0.02
<0.02
£ <0.02
go;oz
<0.02

<0.02

<0.02

o © o o

Chromium
Total
(mg/i)

0.780

1.125

0.877
0.887

1.020

0.905
0.720
0.502
0.445

0.563

0.430

0.335

0.278

10.250
0.237
0.189

- Page 2

COoD
Soluble

- _(mg/1)
326

250
310
v251
252
| 265
244
,263
273
- 246
230
266
262
zsé_
246
257




- Jwecp - Raw Séwagé Parameters - T L Page 3
1971 - 1986 Yearly Averages ‘ - . ' x o

' | CcOD R Conductance - . . , j , ‘ ‘ o DDT |
.+ Total - MMHO. ~ Copper Cyanide .. Total
sYear (mg/l) em_ . {mg/1) (mg/1) - A{mg/1)

1971 es0 2992 0.450 . 0.200 - 0.01527
1972 721 2813 . 0.736 - 0.233  0.02132
1973 925 - 2785 . 0.563 0.3 0.01802
1974 844 . 2369 - -  0.635 0.430 - 0.00278

1975 818 2145 . 0.580  0.280 ‘oﬁ0017;‘
1976 1022 - 2162 0.430 ii 0.290 f’f; o.oc32sv
:1977 ',_ 9637' 7;'v,‘2353.', C o 0.430 :¥' 0.240 . 0.00211
1978 923 - 2185 . 0.360 o,;ao7‘ "0.00273
1879 s10 2312 0.337, fl_-o;;78 . 0.00234
1980 813 2273 o0.334¢ - o.118 0.00177
1981 759 ‘ 2355'_ - ;:dfzss © o0.080 0.00172
1982 . 916 . ° 2524 . 0.230 ©0.063 f‘ofodo7s
1983 © - s04 . 2582 o.245  0.042 - 0.00049
1984 1300 E 2679 ' 5.,'q.z4o_' :i 0.040 0.00096
‘1985 881 2632 0.197 - 0.020 0.00037

1986 . 879 . 2620 - 0.179 10.022 . 0.00019




JWPCP - Raw Sewage Parameters - - _Page 4
1971 - 1986 Yearly Averages: :

Detergents | v - Hardness Hardness
(MBAS) Flow Fluoride Calcium Magnesium
Year  __ (mg/1) (MGD) (mg/1) - ._(mg/1) (mg/1)
1971 7.23 372 1.05 213 165
1972 7.40 351  1.24 289 162
1973 7.49 359 1.5t 215 143
1974 6.60 347 140 215 109
1975 6.50 342 .37 176 81
1976 6.74 353 1.48 165 79
1977 6.31 330 1.5 197 97
1978 8.17 345 1.s6 - 197 105
1979 7.62 367 1.6 191 94
1980 6.97 374 1.56 191 82
1981 5.97 . 364 151 208 97
1982 6.20 360 1.39 194 94
1983 5.67 353 1.99 210 101
1984 6.24 352 2.61 St 104
1985 6.44 361 2.17 192 . 9
1986 6.10 364 201 183 98




JWBCP '~ Raw Sewage Parameters ' - Page 5
1971 - 1986 Yearly Averages . ~ ' : ‘

. Hardness . v - ‘ o ~ : .
- Total Iron Lead -+ Lithium Manganese .

. Year - _(mg/1)  (mg/1)  (mg/1)  (ma/L) . _(ma/1)
1971 438 13.130  0.280  0.070 0.1l -

e

1972 . 421 11.340  0.306. 0.070 . 0.12
1973 . 371 - 8.875  0.292 : QQo6o'  ,'f;‘o;11
 1974" 350 - 9.480 . . 0.371  0.050 BRI
‘1975 282 13.950  0.370 0,042 ©  o0.15
1976 259 . . 6.s40  0.272  0.058 0.1
1977 294  8.290:“  0.320  0.100 S 0.12
1978 265 . 7.562 0.270 - 0.059 . 0.13
1979 v""_zsé-f o 7.367  0.225 -~ 0.061 ::' 0.11
1980 294 - 6.429 :vh-o.zlz » ‘fq;OSé o 0.10

1981 296 = 6.106 0.164 0.063  0.09
19821; ff 289 .',f5;4305',' 0.160.  0.066 = 0.09

- 1983 -'/ ‘;367' .“  '7.840 - o.1§b' | 0.053v v o 0.12
1984 310 s.200 0.140  0.071 0.11
1985 292 4.870 0.129 - 0.071 o1l

1986 287 5.138 . 0.155  0.065 S 0.10




JWPCP - Raw Sewage Parameters ‘ . Paée 6
1971 - 1986 Yearly Averages o

Nitrogen Nitrogen 0il

Mercury Nickel Ammonia Organic’ and Grease
Year (mg/1) (mg/41, (mg/1) (mg/1) (mg/1)
1971 0.0022 0.230.  80.6  26.7 -
1972 0.0010 0.310 4.3 17.4 -
1973 0.0012 0.324  58.5 20,8 . =
1974 0.0012 0.280 34.4 ' 16.6 -
1975 0.0014 0.280 33.6 © 18.8 . 91
1976 0.0015 0.340 32.9 18,9 219
1977 0.0014 6.310 336 17.9 BTV
1978 0.0014 0.342 34.4 . 21.0 91
1979 0.0014 0.245 34.2 19.6 90
1980 0.0011 0.245 34.2 20.2 76
1981 0.0009 0.220 - 34.0 -~ 20.3 . 62
1982 0.0011 0.200 _ 34.6  19.s | 73
1983 0.0013 0.220 35.0 - 23.1 T
1984 0.0011  0.150 1.6 B2 0% S 79
1985 0.0010 0.129 31.9 . 19.5 12
1986 0.0011 0.099 34.1 - 21.1 64




JWPCP - Raw Sewage Parameters =~ - - . - '~ . ‘'Page 7
. 1971 - 1986 Yearly Averages ' . ‘ ' ‘ e

‘ 'PCB'TStélM : —— Phénoié g" Phosphate‘ ‘j ?otaSSiumr
Year Amg/1) . _pH . _(mg/l)  ._ (mg/l) ' __ (mg/l)
-1971 ' o0.02126 - 7.92 3,83 4s5.8 | .20

1

19720 0.01077 . 7.61 2.81 . se.s 29
/1973 . 0.01233 °  7.65 = 4.64 53.9 - 19
‘1974 . 0.01685 7.55  3.27 . 52,2 19

1875 0.00531 °  7.51  3.74 4750 19

1976 0.00061 - . . ETEC AR 386 20
1977 o0.00242 - © 302 245 s
1978 .- 0.00180 '—,f -  S 2,88 . T T i9f 
1979 o0.00098 - - 240 115 EREECE
-,isso'” ’ 0.00082 - ‘7‘3  2286 115 16
1981 . o.o0070 - . 2.s1 1007 IR -
1982’ o.00081° - 2,07 0.6 e -
1983 o.00061 - 237 1e o as e
1384 o0.00084 = _  1.93 1256 18
1985 0.00031 , - . 1.70 1204 0 1

186 0 - 230 00 12 17




JWPCP - Raw Sewage Parameters

1371 - 1986 Yearly Averages

Year

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

1985

1986

Selenium

(mg/1)

Silvef
(mg[l)

0.0140
0.0170
0.0126
0.0109
0.0140
0.0140
0.0106
0.0191
0.0197

0.0153

. 0.0150

0.0175

0.0182

0.0170
0.0200
0.0198

. Calcﬁlated’

Sludge

Concentration

{mg/1l)

. 58.57

' 57.57
74.38

76.47
76.61
72.00

78.52

78.39

92.27
115. 44
120.99
108.33

107.54

- Page 8

Calculated*

Sludge
‘Mass

(l1bs/d)-

169,656
164,320
219,122
L 210;$éi

220,572

220,524
245,075

238,127
277,223

340,082

355,420

326,353

326,691

Sodium
{mg/1)
369

Y

381
357
336
308
306

336

- 357
331
333

338
368
369
407
395
378




.

JWPCP - Raw Sewage ?aramete:S-v'
1971 - 1986 Yearly Averages .

3

Solids

L. potal gsuif?t37'
Year '(mgll)‘ cAmg/1)

‘ )Sulfide |
' Total
(mg/l)l

1971 2112 - 3a7

1972 . . 2040 . 330
“i973,‘ : 1975 349
1574 1828  © 320
1975 1681 1258
1976 = 224
1977 - . 260.

1978 . - 0 . 2710

979 - 275
1980 - o ars
1981 - - e . 286
1982 - 240
1983 - '"; R 282
1984 - 296
wes - 26
1986 - - . 285

0.4

0.5

6;51 

0.5
0.5
0.6
1.0
1.2
f21;3“
1.3
1.6
l;é ‘
1.6
3.0

2.6
'3,0/2.0°

‘ ”Sulfide

Pége 9}‘V4

Suspended

‘Dissolved . & Solids

(mg/1)

o {mg/1)

L 0.1
0.2
S 0.2
bfzf
0.2
0.3
Cos

0.6

0.7

o.syf

0.6 -
)‘0'0-8 .

1.4/0.6

397
416
518
459
PV |

"_463
448

© 435
442
442
a2
463
455
445

454




-

JWPCP - Raw Sewage Parameters
1971 - 1986 Yearly Averages

™S  Thiocyanate

Year (mg/1) (mg/1)
1971 1716 -

1972 1624 -

1973 1458 2.76
1974 1368 2.00
1975 1199 1.80
1976 1151 2.00
1977 1300 ©  1.89
1978 1404  2.34
1979 1262 2.11
1980 1259 1.18
1981 1338 1,27
1982 1318 1.3
1983 1474 1.50
1984 1523 1.51
1985 1522 1.09
1986 1426 142

TICH
(mg/l)

 0.03680
0.01986
0.03032

0.02157
‘6400724 

0.00456
0.00459
0.00470

0.00316
0.00302

0.00281

0.00227
0.001686

,0.00318°

0.00088

0.00040

1.930
2.269
2.470
1.990
1.640

1.420
1.460
1.278

1.000
0.952

1.012
10.960
1.011

 0.830

. 0.720

0.751

Page 10




JWPCP - Raw Sewage Parameters'f "'Yﬁﬁz S ._.r_"i . Page 11

1971 - 1986 Yearly Averages

v,‘% .

Notes:

1

,The values in the tables are based on the Water Quallty
tharacterlstlcs Monltorlng ‘Program and were used for

the correlation with dissolved sulfide. The values,
in some cdses; do not exactly match the graphs and - -~
s§lides previously prepared. Some of the data for the .
graphs and slides were from sampling conducted for the

‘Industrial Waste Sectlon.. However, the industrial waste
- data is incomplete, so to be consistent, only data from

the Water Quality Characteristics Monztorlng Program v

- were used for the correlatzon. SO . ,

‘Total. sollds and - pH were not’ correlated w1th d;ssolved 7:'
"sulf lde because or Lnsuff1c1ent data. " S

Sludge mass was not correlated Wlth dlssolved sul lde
because’ it doesn't -account for. -any change in flow."
' Sludge concentration was used. instead. -
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February 1988

‘ CORRELATION OF JWPCP RAW. SEWAGE PARAMETERS

. WITH DISSOLVED SULFIDE FROM 1971-1987

 Correlation

Paraheters Coefficient
.. .Nickel o ~ =0.83 .
Chromium=-Total ° -0.81 .
. Sludge-Concentratzon(theoretlcal) - 0.78 -
Zinc- : -0.78
Copper L =0.77
. Cyanide -0.77
.~ Lead | =0.76
Iron -0.70
Potassium .- ~=0.69
Silver - 0.69
 Pluoride . N - 0.68.
"Phenols : : -0.67
_Alkallnlty-rotal -~ 0.67
Phosphate - -0.66
-~ Sodium 0.63-
TICH - -0.61
PCB-Total -0.60
. -Barium 0.57 . .
~ .DDT-Total -0.53 .
Boron : o ~0.51
0il and Grease-” . =0.49
‘Mercury - =0.48
Nitrogen-Ammonia =0.43
Hardness=-Calcium -0.43
- COD=Soluble - =0.42
' Cadmium ' =0.40. -
' Detergent (MBAS) -0.39 . .
’ Hardness-Magnes;um a '=-0.38 .
Selenium. , . 0.37
~. Sulfate - =0,33
‘Flow . 0.33
Maganese o =-0.32
Thiocyanate -0.28 .
.COD=Total 0.28
Hardness—Total =-0.21
. -Chloride ' ‘ . 0,200
V.Chromlum—ﬁexavalent -0.13
Lithium 0.12
Nltrogen-Organlc 0.11
- Suspended Solids. 0.07..
Conductance ' . 0.05
Temperature : -0.05
R(:D=Total - 0.04
.~ TDS . . 0.02
: vArSenic, ' -0 02

All parameters co

rrelated w1th dlssolved ‘sulfide w1thout sulflde

- control except for Iron which was correlated. w1th dlssolved

sulflde wlth sulf

1de control in 1986 and 1987







